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ABSTRACT 

The  chromite  deposits  of  Tuolumne  and  Mariposa  Counties  have  yielded  over 
6,200  long  tons  of  chromite  since  the  early  sixties,  nearly  all  of  which  has  come  from 
Tuolumne  County.  Production  from  these  counties  during  World  War  II  was  very 
small. 

The  report  consists  of  descriptions  of  individual  mines  and  prospects  based  on 
published  and  unpublished  information  gathered  largely  during  the  war  years  of 
1917-19  and  1942-44.  The  general  geology  of  the  area  and  of  the  chromite  deposits  is 
outlined,  and  a  complete  list  of  chromite  mines  and  prospects  with  production  and 
reserves  is  included. 

INTRODUCTION 

The  cliromite  deposits  of  Tuolumne  and  Mariposa  Counties  have 
yielded  over  6200  long  tons  of  chromite,  nearly  all  of  it  lump  ore.  Tuo- 
lumne County  ranks  tenth  among  the  ehromite-producing  counties  of 
California  and  was  one  of  the  earliest  producers;  chromite  production 
from  Mariposa  County  has  been  of  little  importance. 

Location  and  Accessibility 

Tuolumne  and  Mariposa  Counties  cover  3730  square  miles  along  the 
west  slope  of  the  central  Sierra  Nevada,  extending  from  the  eastern  edge 
of  the  San  Joaquin  Valley  to  the  crest  of  the  range.  The  western  parts 
of  the  counties  where  the  chromite  deposits  occur  are  characterized  by 
rolling  foothills  but  eastward  the  country  rises  and  becomes  increasingly 
rugged  and  mountainous.  The  more  populous  western  parts  of  the  counties 
are  served  by  a  network  of  county  roads  and  three  railroads,  the  Sierra, 
the  Hetch  Hetchy,  and  the  Yosemite  Yalley.  All  of  the  chromite-bearing 
area  has  been  topographically  mapped  but  only  part  of  it  has  been  mapped 
geologically.  The  climate  is  mild  and  offers  little  hindrance  to  mining 
operations  the  year  around. 

Field  Work  and  Acknowledgments 

This  report  is  based  partly  on  material  collected  during  the  progress 
of  strategic  mineral  investigations  carried  on  by  the  U.  S.  Geological 
Survey  in  Tuolumne  County  intermittently  from  1942-45  inclusive,  and 
partly  on  data  contained  in  unpublished  reports  made  in  1918  by  Dr. 
N.  L.  Taliaferro  to  Dr.  George  D.  Louderback,  Chairman,  Committee  on 
Geology  and  Mineral  Resources,  California  State  Council  of  Defense. 
The  Geological  Survey  mapped,  on  a  scale  of  40  feet  to  1  inch,  the 
McCormick  mine  and  the  Marsh  Flats  Chrome  Associates'  property  and 
cooperated  with  the  U.  S.  Bureau  of  Mines  in  exploring  the  McCormick 
mine.  All  active  properties  were  visited,  but  no  attempt  was  made  to 
ferret  out  all  the  mines  from  which  chromite  was  produced  prior  to  the 
second  World  War,  inasmuch  as  most  of  the  workings  on  these  properties 
have  long  since  caved  and  little  remains  to  be  seen.  Most  of  the  recent 
investigations  by  the  Geological  Survey  were  by  Fred  W.  Cater,  Jr., 
D.  H.  Dow,  and  Frederick  Gros  under  the  direction  of  F.  G.  Wells. 

Many  courtesies  were  accorded  the  Survey  men,  and  the  operators  of 
the  properties  visited  were  very  generous  in  giving  information.  Officials 
of  C.  A.  Kent  and  Company,  operators  of  the  IMcCormick  mine,  and 
officials  of  the  Marsh  Flats  Chrome  Associates  were  especially  helpful. 
Dr.  N.  L.  Taliaferro  generously  permitted  use  of  part  of  his  geologic  map 
of  the  Copperopolis  quadrangle  prior  to  its  publication.  To  his  associates 
of  the  Survey  who  contributed  important  help  on  this  report,  and  to  the 
friendly  cooperation  of  the  engineers  of  the  U.  S.  Bureau  of  Mines,  the 
writer  is  grateful. 
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History  and  Production 

Tuolumne  County,  so  far  as  is  known,  was  the  earliest  producer  of 
chromite  in  California ;  according-  to  Taliaferro,  a  small  amount  of  ore 
from  the  Mackey  mine  was  shipped  to  England  in  the  early  sixties.  Much 
of  the  ore  produced  before  1915,  the  first  year  for  which  production  is 
listed  in  the  IMinerals  Yearbook,  was  used  locally  for  furnace  linings  in 
various  smelters.  During  the  period  1915-18  wartime  demand  stimulated 
production,  but  with  the  end  of  the  war  production  ceased  except  for 
1328  long  tons  mined  from  the  McCormick  mine  during  the  early  thirties. 
Production  Avas  revived  during  World  War  II  but  never  reached  the 
proportions  attained  prior  to  1919.  j\Iariposa  County  has  produced  but  32 
long  tons  of  ore,  all  of  which  came  from  the  Purcell-Griffin  mine  in  1918. 

The  detailed  production  for  Tuolumne  County  is  given  in  table  1. 
These  figures  are  taken  from  the  records  used  in  compiling  the  production 
totals  listed  in  the  Minerals  Yearbooks.  However,  only  for  1942-44,  when 
the  Metals  Reserve  Company  purchased  all  ore,  can  the  production  figures 
be  considered  complete.  Earlier  purchases  were  made  by  many  different 
buyers ;  some  records  of  purchases  were  never  given  to  federal  statistical 
agencies,  and  others  were  submitted  onl}^  as  total  figures,  with  no  regard 
to  county  or  mine  from  which  ore  was  purchased.  The  incompleteness  of 
records  obtained  from  jiroducers  was,  if  anything,  even  greater.  Thus, 
for  many  mines,  the  workings  of  which  indicate  chromite  was  produced, 
no  records  exist ;  for  others  the  recorded  figures  are  obviously  too  low. 
For  these  mines  the  production  figures  quoted  by  Taliaferro  are  given  in 
the  description  of  individual  deposits  as  probably  more  nearh^  represen- 
tative of  the  actual  production.  Considering  the  incompleteness  of  the 
record  it  seems  probable  that  the  total  output  was  perhaps  a  thousand 
tons  greater  than  the  ]\Iinerals  Yearbooks  records  of  6,165  long  tons  would 
indicate.  The  California  State  Division  of  Mines  lists  a  total  production 
of  7813  tons  through  1918,  but  this  figure  undoubtedly  includes  some 
duplication  and  some  ore  that  was  mined  but  never  shipped. 

GEOLOGY 

General  Features 

The  general  geologic  features  of  Tuolumne  Countj^  are  similar  to 
those  of  the  other  counties  in  the  Mother  Lode  region.  The  rocks  may  be 
convenient!}'-  considered  in  two  categories:  pre-Tertiary,  and  Tertiary. 
The  pre-Tertiary  rocks  are  highly  folded  metamorphosed  sediments  and 
volcanics  cut  b,v  numerous  igneous  masses.  The  Tertiarj^  rocks  are  slightly 
tilted,  unaltered  soft  sediments  and  volcanic  flows  and  tuffs. 

The  Calaveras  formation,  which  though  largely  of  Carboniferous  age 
may  possibly  include  Paleozoic  rocks  both  younger  and  older  than  Car- 
boniferous, comprises  the  oldest  rocks  of  the  district.  Included  in  this  for- 
mation are  mica  schists,  meta-cherts,  quartzites,  argillites,  crystalline 
limestones,  and  schistose  volcanic  rocks.  Unconformably  overlying  the 
Calaveras  is  a  sequence  of  rocks  originally  described  by  Taliaferro  (Tali- 
aferro, N.  L.  32,  pp.  233-234)  as  the  Tuolumne  group.^  Because  the  name 
Tuolumne  was  preoccupied  Taliaferro  has  recently  renamed  the  unit  the 
Amador  group  (Jenkins.  Olaf  P.  43,  pp.  282-284)  and  has  redefined  the 
sequence.  This  group  includes  a  sequence  of  Middle  and  Upper  Jurassic 
sandstones,  conglomerates,  bedded  tuft's,  cherts,  slates,  limestones,  and 
thick  layers  of  augite  andesite  and  dacitic  volcanic  rocks.  Parts  of  the 
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Calaveras  formation  and  the  amphibolite  schist,  diabase,  and  porphyrite 
as  mapped  by  Tnrner  (97)  belong  in  the  Amador  group.  The  Upper  Juras- 
sic Mariposa  slate  overlies  the  Amador  group  either  conformably  or 
nearly  so.  At  the  close  of  Jurassic  all  three  units — the  Calaveras,  Amador, 
and  Mariposa — were  intruded  by  masses  of  peridotite,  gabbro,  diorite, 
and  granodiorite  in  the  order  mentioned  at  about  the  same  time  as  the 
main  Sierra  Nevada  batholith. 

The  structure  of  the  pre-Tertiary  rocks  is  exceedingly  complex,  for 
ihey  have  been  compressed  into  a  series  of  north-northwesterly  trending, 
close,  probably  isoclinal  folds  overturned  to  the  west.  Associated  with 
these  folds  are  a  number  of  easterly  dipping,  high-angle  reverse  faults 
parallel  to  the  axes  of  the  folds.  The  gold-quartz  veins  of  the  Mother  Lode 
were  formed  in  one  of  these  fault  zones  shortty  after  the  intrusion  of  the 
Sierra  Nevada  batholith. 

A  profound  unconformity  separates  the  Tertiary  rocks  from  those  of 
pre-Tertiary  age.  The  Tertiary  rocks  consist  of  clays,  sands,  and  gravels, 
and  volcanic  rocks  of  andesitic  to  rhyolitic  composition.  They  crop  out 
most  extensively  in  the  westernmost  part  of  the  county;  a  number  of 
erosional  remnants,  especially  of  lava  flows,  still  remain  farther  east.  The 
uplift  of  the  present  Sierra  Nevada  in  the  latest  Tertiary  tilted  these 
younger  deposits  gently  westward,  but  they  are  otherwise  undeformed. 

Ultramafic  Rocks 

Chromite,  the  only  ore  mineral  of  chromium,  occurs  only  in  the  ultra- 
mafic  rocks — peridotites — or  their  alteration  products.  Peridotite  is  com- 
posed of  various  amounts  of  olivine  and  pyroxene  and  minor  amounts  of 
accessory  minerals ;  the  variety  containing  95  percent  or  more  of  olivine 
is  called  dunite,  and  the  variety  containing  95  percent  or  more  pyroxene 
is  called  pyroxenite.  The  intermediate  variety  known  as  saxonite,  com- 
posed of  olivine  and  the  orthorhombic  pyroxene  enstatite,  is  the  most 
abundant  and  widely  distributed  of  the  ultramafic  rocks  found  in  the 
Sierra  Nevada,  though  in  most  places  some  dunite  and  pyroxenite  are  also 
present. 

Olivine,  and  to  a  less  extent  pyroxene,  is  readily  altered  to  minerals 
of  the  serpentine  group,  and  the  resulting  rock  is  called  serpentine. 
Enstatite  alters  to  bastite,  a  variety  of  serpentine  in  which  the  original 
form  and  cleavage  of  the  enstatite  are  preserved.  Enstatite  and  bastite 
crystals  stand  out  on  weathered  saxonite,  giving  it  a  characteristic  rough 
surface.  Weathered  surfaces  of  saxonite  have  a  red  to  buff  or  brown  color, 
but  the  unweathered  rock  is  commonly  very  dark  green  or  black  if  serpen- 
tinized,  or  light  glassy  green  if  fresh. 

Dunite  is  a  dense,  uniform,  even-grained  rock  in  which  no  minerals 
except  accessory  chromite  stand  out.  Weathered  surfaces  are  quite  smooth 
and  have  a  buff  or  yellowish-brown  color.  Smooth,  conchoidal-fractured 
surfaces  are  characteristic  of  unsheared,  serpentinized  dunite,  and  con- 
trast with  the  rough,  uneven  fractures  of  saxonite. 

Pyroxenite  is  the  toughest  and  most  resistant  to  weathering  of  the 
ultramafic  rocks,  and  generally  forms  bold  outcrops.  The  rock  is  com- 
monly coarse  grained,  has  a  greenish  color,  and  a  very  rough  and  hackly 
fracture. 

The  ultramafic  rocks  in  Tuolumne  and  Mariposa  Counties,  as  else- 
where in  the  Sierra  Nevada,  are  very  largely  altered  to  serpentine,  a  soft, 
weak  rock  which  is  very  easily  sheared.  Zones  of  light-green,  highly 
sheared,  and  slickensided  serpentine,  very  aptly  called  "  slickentite  ",  can 
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in  some  places  be  recognized  at  a  considerable  distance.  Shearing  along 
the  contacts  of  ultramafic  bodies,  even  those  that  are  otherwise  fresh  and 
unaltered,  is  almost  universal. 

Soils  developed  on  serpentine  and  peridotite  are  usually  very  poor 
and  thin ;  nevertheless  they  often  support  almost  impenetrable  growths 
of  brush  -which  are  a  distinct  hindrance  to  prospecting. 

Structure  and  Distribution 

The  serpentinized  peridotite  in  the  Sierra  Nevada  occurs  in  sill-like 
masses  intruded  into  the  metamorphosed  volcanic  and  sedimentary  rocks 
of  the  Calaveras,  Amador,  and  ilariposa  units.  ;Mauy  of  the  intrusions 
are  along  contacts  between  the  formations  or  between  major  divisions 
within  formations  and  therefore  trend  north  or  northwest  and  dip  .steeply 
eastward.  In  some  localities  gabbro,  which  appears  to  be  nearly  con- 
temporaneous, is  associated  with  the  serpentine.  Later  intrusions  of 
granodiorite.  diabase,  and  diorite  have  complicated  the  structure  of  some 
of  the  peridotite  massifs. 

Serpentine  crops  out  in  Tuolumne  County  as  a  series  of  individual 
masses  lying  in  two  belts,  2  or  3  miles  apart,  which  extend  almost  across 
the  southwestern  end  of  the  county.  In  ^Mariposa  County  only  the  east 
belt  is  present.  The  western  belt  ends  southward  in  Tuolumne  County 
near  Marsh's  Flat,  but  extends  north-northwesterly  many  miles  across 
Calaveras  County  and  beyond. 

This  belt  is  the  more  productive  of  chromite.  In  Tuolumne  County 
it  is  made  up  of  one  large  mass  and  probably  several  small  masses.  The 
large  mass  has  an  area  of  about  46  square  miles,  a  length  of  19  miles  and 
a  maximum  width  of  nearly  4  miles ;  the  smaller  masses  are  only  a  few 
hundred  feet  long.  The  large  mass  has  been  intruded  largely  into  the 
meta-andesites  and  meta-tuffs  of  the  Amador  group  though  a  few  small 
patches  of  argillites  and  quartzites  are  found  along  the  contacts.  In 
general  the  intrusion  dips  steeply  eastward  conformable  to  the  schistosity 
and  structure  of  the  pre-intrusive  host  rocks.  The  form  is  probably  sill- 
like or  laccolithic.  The  southeastern  half  of  the  body  is  structurally  rather 
simple  and  not  a  great  deal  of  gabbro  is  associated  with  the  serpentine, 
but  the  northeastern  half  is  complicated  with  nearly  contemporaneous 
gabbro  intrusives  and  later  intrusions  of  granodiorite.  A  large-scale  lit- 
par-lit  structure  of  alternating  lenticular  masses  of  serpentine  and  meta- 
volcanics,  often  several  hundred  feet  across,  is  characteristic  of  the  area 
west  of  Peoria  Pass  and  along  the  Stanislaus  River  below  Peoria  Basin. 
]\Iuch  of  the  northern  part  of  the  massif  is  concealed  under  Tertiary 
lavas,  tuffs,  gravels,  and  sandstones. 

The  eastern  belt  consists  of  a  series  of  intrusives  which  extends 
southward  across  Calaveras  and  Tuolumne  Counties,  and  probably  across 
Mariposa  County.  Mapping  in  ]Mariposa  County,  however,  is  too  inade- 
quate to  show  definitely  the  extent  of  the  belt.  Serpentine  masses  that 
have  been  mapped  are  4  to  6  miles  long,  half  a  mile  to  1  mile  wide,  and 
cover  2  to  4  square  miles.  ^lost  of  these  masses  have  been  intruded  along 
the  contact  between  ]\Iariposa  slate  lying  to  the  west  and  meta-andesites 
to  the  east.  They  are  probably  sills,  which  dip  very  steeply  eastward.  In 
general  the  serpentinized  peridotite  of  this  east  belt  is  less  altered  and 
sheared  than  the  masses  of  the  west  belt.  From  only  one  of  these  masses — 
the  one  lying  about  a  mile  west  of  JamestoA^Ti — has  any  important  amount 
of  chromite  been  produced.  Considerable  gabbro  is  associated  with  this 
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mass,  and  larjie  areas  of  the  mass  are  covered  by  Tertiary  lavas,  tuffs, 
gravels,  and  sandstones. 

Occurrence  of  Dunite 

Large  concentrations  of  cliromite  occur  onl,y  in  dunite.  No  principle 
or  rule  so  far  known  determines  the  localization  of  dunite  bodies  in  a 
peridotite  mass,  and  they  occur  anywhere  within  a  mass.  The  ratio  of 
dunite  to  saxonite  in  any  peridotite  mass  varies  widely,  but  in  most  of  the 
Sierra  Nevada  masses  the  proportion  of  dunite  is  small.  Individual  dunite 
bodies,  however,  occur  in  any  size  or  shape,  but  usually  if  they  are  of 
appreciable  size  they  are  lenticular  and  elongate  in  the  direction  of  the 
major  axis  of  the  enclosing  peridotite  intrusive. 

In  large  areas  of  dunite  the  tendency  is  for  disseminated  ore  deposits 
to  develop,  and  when  the  amount  of  dunite  is  small,  ore  more  commonly 
occurs  as  pods  of  massive  chromite.  Consequently,  in  the  search  for 
chromite  the  presence  of  dunite  is  of  little  assistance  in  locating  pods  of 
massive  ore,  for,  in  many  places,  only  thin  shells  of  dunite  surround 
the  ore. 

General  Features  of  Chromite  Ores 
Chemical  Characteristics  of  Chromite 

Chromite,  the  only  ore  mineral  of  chromium,  is  black,  has  a  sub- 
metallic  luster  and  a  bro^vn  streak,  and  is  readily  scratched  by  a  knife. 
Sheared,  finely  crushed  ore  has  a  characteristic  chocolate  color  and  a  dull 
earthy  luster.  Chromite  is  a  member  of  the  spinel  group  of  minerals,  all 
of  which  crystallize  in  the  isometric  sj'stem.  Like  most  spinels  chro- 
mite is  an  isomorphous  compound  of  several  end  members  or  minerals. 
These  end  members,  magnesio-chromite  (MgO.Cr203),  ferrochromite 
(FeO.CroO.s),  spinel  (MgO.ALOa),  hercynite  (FeO.ALOs),  magnesi- 
oferrite  (MgO.Fe203),  and  magnetite  (FeO.Fe203),  are  combined  in 
different  proportions  and  form  chromites  having  widely  different  compo- 
sitions (Stevens,  R.  E.  44).  Some  samples  of  chromite  analyzed  in  the 
laboratory  of  the  IT.  S.  Geological  Survey  have  contained  over  61  percent 
CroOs  and  others  less  than  30  percent.  Recent  work  by  Thayer  (46) 
indicates  there  is  a  definite  chemical  correlation  between  the  composition 
of  chromite  and  the  containing  rocks. 

The  value  of  chromite  ore  depends  not  only  on  the  chromium  content 
but  also  on  the  content  of  the  other  metallic  elements.  Metallurgical  grades 
of  chromite  ore  should  contain  at  least  45  percent  of  chromic  oxide 
and  contain  at  least  three  parts  of  chromium  for  each  part  of  iron. 
Refractory  grades  of  chromite  ore  need  not  be  so  rich  in  chromium,  but 
if  the  chromic-oxide  content  is  low  the  alumina  content  must  be  suffi- 
ciently liigh  so  that  chromic  oxide  plus  alumina  make  u\)  at  least  GO 
percent  of  the  mineral.  The  principal  i-equiremcnt  of  chemical  grades  is 
that  they  contain  sufficient  chromium  to  make  conversion  to  chromium 
salts  worth  while.  ' 

Most  so-called  massive  ore  contains  a  small  percentage  of  silicate 
gangue  minerals.  These  minerals  occur  either  interstitial  to  the  chromite 
grains  or  as  thin  coatings,  and  usually  consist  of  serpentine  or  talc  or, 
less  coimnonly,  of  kammererite  and  uvarovite.  Under  present  standards 
)ii()i('  tlicin  ]()  percent  of  silica  renders  an  ore  unsuitable  for  metallurgical 
uses. 
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Table  2 

Analysis  of  ore  from  the  McCormick  mine 
Analyst,  Abbot  Hanks 

Percent  Percent 

CraOs   -- 45.15  SiOa 5.37 

Fe 8.94  P 0.035 

AhOs    16.80  S 0.023 

MgO 17,81 

Cr/Fe  ratio 3.45         Impurity serpentine 


Analysis  of  ore  from  Quigg  mine 

(Sample  T-150  C,  U.S.B.M.  No.  7161) 

Analyst,  U.  S.  Bureau  of  Mines 


Percent 

Cr^Os   36.3  MgO 

FeO    12.3  Si02 

Ab03    39.8  H20atllO°C.. 

CaO   none  Ignition  loss 


99.90 


Cr/Fe  ratio 2.63 


Assays  of  Ores  from  Tuolumne  County 

Two  nearly  complete  analyses  (table  2),  and  a  few  partial  analyses 
for  chromic  oxide  and  iron  only,  have  been  made  of  ores  from  Tuolumne 
County.  None  have  been  made  of  Mariposa  County  ores.  Furthermore, 
analyses  are  not  of  carefully  cleaned  chromite,  but  of  the  crude  ore 
including  associated  gangue.  With  few  exceptions  the  chromite  from 
Tuolumne  County  is  low^  in  chromic  oxide  and  high  in  iron  and  has  a 
low  chrome-iron  ratio.  With  the  exception  of  the  McCormick  mine,  most 
of  the  chromite  mined  from  Tuolumne  County  has  contained  less  than 
40  percent  chromic  oxide  with  a  chrome-iron  ratio  below  2.5. 

The  composition  of  ore  from  pod  to  pod  in  a  closely  bunched  group 
of  pods  may  vary  considerably,  and,  indeed,  may  differ  within  a  single 
pod.  Some  of  this  variation  is  due  to  different  amounts  of  included 
gangue,  but  not  uncommonh'  a  series  of  analyses  may  show  distinct 
variation  in  the  composition  of  the  pure  chromite. 

Other  Chromium  Minerals 

A  number  of  secondary  chrome-bearing  minerals  are  present  in 
small  amounts  in  many  deposits  but  never  are  they  of  any  economic 
significance.  Uvarovite,  the  chrome  garnet,  and  kammererite,  a  chrome 
chlorite,  are  probably  the  commonest  of  these  minerals.  Uvarovite  is 
emerald  green,  has  a  vitreous  luster,  and  is  harder  than  most  other 
garnets.  It  forms  drusy  incrustations  of  small  dodecahedral  or  trapezo- 
hedral  crystals  in  joints  and  fractures  in  chromite.  Kammererite  is  a 
purplish-red  micaceous  mineral  which  likewise  forms  in  fractures  in 
chromite  or  in  the  adjacent  gangue.  It  is  easily  mistaken  for  kotschubeite, 
another  chromium-bearing  chlorite  of  similar  appearance. 
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Chromite  Deposits 

Acciiniulatious  of  chromite  lar^e  enough  to  be  mined  are  of  two 
general  types:  disseminated  ore,  consisting  of  separate  chromite  grains 
enclosed  in  varying  proportions  of  olivine  or  serpentine;  and  massive 
ore,  consisting  of  closely  packed,  almost  pure  aggregations  of  chromite 
grains. 

Disseminated  Ore 

The  form,  size,  and  grade  of  disseminated  ore  bodies  vary  widely. 
Some  deposits  consist  of  evenly  disseminated  grains,  but  more  commonly 
there  are  irregular  lenses,  clots,  alternating  laj-ers  of  rich  and  lean  ore, 
and  oriented  pencil-like  linear  aggregates  of  chromite.  In  a  few  places 
ore  consisting  of  aggregations  of  spheroid  or  ovoid  nodules  has  been 
found. 

In  general,  tbe  deposits  and  their  internal  structures  lie  parallel 
to  the  long  dimension  of  the  enclosing  peridotite  or  serpentine  mass,  or 
if  this  mass  is  large  and  essentiall.y  equidimensional,  to  the  nearest  con- 
tact. In  detail,  however,  layers  and  lenses  of  ore  may  be  highly  distorted. 
Some  deposits  consist  of  a  number  of  individual  ore  bodies  lying  irregu- 
larly en  echelon.  Here  as  elsewhere  in  the  Sierra  Nevada  no  preferred 
locus  exists  within  peridotite  masses  for  the  localization  of  disseminated 
deposits,  or,  for  that  matter,  of  massive  ore  deposits.  Contacts  of  dis- 
seminated ore  bodies  may  be  rather  sharp  or  may  grade  with  a  decrease 
of  chromite  into  barren  dunite. 

The  size  of  deposits  in  the  Sierra  Nevada  ranges  from  a  few  hundred 
pounds  to  over  100,000  tons  though  rarely  do  single  masses  of  dissemi- 
nated ore  contain  more  than  several  thousand  tons.  The  largest  deposit 
known  in  Tuolumne  County  probably  contains  not  much  more  than 
25,000  long  tons  of  ore ;  no  disseminated  deposits  are  known  to  exist  in 
Mariposa  County. 

The  practicability  of  concentrating  disseminated  ores  depends  on 
a  variety  of  factors  such  as  the  grade  of  the  ore,  the  composition  of  the 
pure  chromite,  the  chromite  grain  size,  and  the  nature  of  the  gangue. 
Most  ores  containing  less  than  7  percent  Cr203  are  too  lean  for  profit- 
able milling.  The  grade  of  concentrates  depends  directly  on  the  compo- 
sition of  the  ore  mineral  and  consequently  a  high  concentrate  cannot 
be  made  from  ores  in  which  the  composition  of  the  chromite  is  unfavor- 
able. Grain  size  influences  the  degree  of  grinding  necessary  to  free  the 
chromite  from  the  enclosing  gangue.  Because  chromite  crushes  readily, 
sliming  losses  resulting  from  the  grinding  of  fine-grained  ores  may  be 
excessive.  The  matrix  of  ores  in  Tuolunnie  County  is  serpentinized  and 
the  difference  in  gravity  between  serpentine  and  chromite  is  sufficient 
to  make  gravity  methods  of  separation  usually  successful. 

Massive  Ore 

Masses  of  pure  or  nearly  pure  chromite  usually  occur  as  bodies  of 
such  irregular  shape  that  comparison  with  a  simple  geometric  solid 
conveys  lU)  ado(|uate  idea  of  thoir  form;  hence,  the  term  "pod"  has 
been  widely-  used.  Pods  of  chromite  in  Tuolumne  and  Mariposa  Counties 
range  frcmi  masses  containing  but  a  few  pounds  to  masses  containing 
over  2.000  tons.  Pods  over  ],000  tons  are  rare,  liowever,  and  most  contain 
less  than  100  tons.  As  in  the  case  of  disseminated  deposits,  pods  may 
occur  in  clusters. 
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Allen  (38)  classified  ehromite  deposits  as  (1)  small,  containing  less 
than  100  long  tons;  (2)  medium,  containing  100  to  1,000  long  tons;  and 
(3)  large,  containing  more  than  1.000  long  tons.  Of  the  235  deposit.^? 
that  he  listed,  he  classed  48  percent  as  small,  24  percent  as  medium,  and 
28  percent  as  large.  Wells  (46)  concluded  that  of  the  pod  deposits  in 
Del  Norte  County  65  percent  are  small  and  25  percent  medium.  Six- 
teen deposits  have  been  mined  in  Tuolumne  Countj^ ;  of  these  37  percent 
are  small,  56  percent  are  medium,  and  7  percent  are  large.  Though  the 
distribution  of  medium  and  small  deposits  in  Tuolumne  County  differs 
markedly  from  the  distribution  in  the  areas  studied  by  Allen  and  by 
Wells,  a  careful  evaluation  of  the  data  indicates  that  in  Tuolumne  County 
medium-sized  deposits  are  as  numerous  or  more  numerous  than  small 
deposits  and  that  large  deposits  are  present  in  a  ratio  of  one  in  ten, 
the  same  as  elsewhere  in  California. 

Pod  deposits  usually,  though  not  always,  are  found  in  zones  of 
shearing.  In  places  the  shearing  is  localized  around  the  pod  and  extends 
but  relatively  short  distances  beyond  it.  Differential  and  rotational 
stresses  undoubtedly  impart  rotational  movements  to  ehromite  pods 
which  aid  materially  in  creation  of  these  encompassing  shear  zones. 
]\Iore  commonly,  however,  shear  zones  are  not  so  directly  related  to 
ehromite  pods  and  may  be  hundreds  of  feet  wide  and  miles  long,  though 
most  of  them  are  much  smaller.  The  contacts  between  the  ehromite  pods 
and  serpentine  are  inherently  zones  of  weakness  along  which  shearing 
is  most  likely  to  take  place,  but  not  all  shear  zones  necessarily  contain 
ehromite  pods,  for  only  the  shears  following  preexisting  pods  contain 
ore.  The  direction  of  elongation  of  an  ore  body  or  string  of  pods  is  the 
one  along  which  to  search  for  additional  ore. 

Reserves 

Reserves  are  difficult  to  estimate  because  of  inadequate  exposures 
and  the  great  irregularity-  in  form  of  the  deposits.  Only  small  amounts 
of  shipping-grade  ore  remain,  and  barring  the  possibility  of  discovering 
new  deposits,  it  is  doubtful  whether  1,000  tons  of  such  ore  could  be  pro- 
duced regardless  of  price.  Reserves  of  milling  ore  are  much  larger  and 
total  perhaps  45,000  tons  of  material  containing  from  10  to  20  percent 
of  chromic  oxide.  A  considerable  part  of  this  amount,  however,  is  con- 
tained in  deposits  too  small  to  work  economically.  Table  3  lists  the  various 
mines  with  estimates  of  reserves.  No  figures  for  measured  ore  are  given 
except  for  those  properties  where  ore  has  been  mined  and  corded  but 
never  shipped  and  hence  is  present  on  the  property  as  a  measurable  pile 
or  dump.  Possibly,  new  deposits  can  be  discovered  by  intensive  search, 
but  inasmuch  as  the  area  is  well  settled  and  has  been  scoured  b}-  pros- 
pectors for  several  generations,  the  chances  of  finding  a  ehromite  deposit 
of  any  considerable  size  are  rather  remote  unless  cheap  methods  of  pros- 
pecting at  depth  are  developed. 

DESCRIPTION  OF  DEPOSITS 

The  deposits  fall  into  two  groups,  the  east  and  west,  which  correspond 
to  the  serpentine  belts.  The  deposits  in  the  east  group  occur  in  two  distinct 
areas,  herein  designated  the  Jamestown  and  the  Coulterville  areas.  Those 
of  the  west  group  occur  in  three  areas :  Marsh 's  Flat,  Chinese  Camp,  and 
Peoria  Flat. 
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Taile  S — Reserves  (in  long  tons) 
January  1,  1944 

Property  Measured  ore      Indicated  ore  Inferred  ore  Total 

Ace  of  Spades 35                            —                            400                           435 

Alice  June,  A.  J.  Ext 300  7,500                      23,500                      31,300 

Mum  and  Mum  Ext. — 

Blackbird __                            —                         1,000                         1,000 

Bluepoint 12^                            10>                              __                               2L" 

Booker  lease — 

Buckhorn   35'                            __                                10'                              45' 

Burns  and  Turzich 

Don  Pedro 1'                            —                    unkiiuwii                                 1' 

Eggling  and  Williams __                             —                    unknown 

Fagen  lease — 

Forked    Pine 20'                           —                              __                              20' 

Goss   — 

(Jrassely  group __                             __                             300                             3(H) 

Leonard    LePapi)e __ 

Mackav —                             __                               —                                 0 

Mai.cs-O'Hara  lease __ 

McCormick    50^                            50^                            400'                            500' 

Moyle  and  Sec.) __ 

North  P:nd __                             __                          2,000                          2.000 

Perconi __                             __                             500                             500 

Pereira   (Shafer  lease)  ___  __                             __                             200                             200 

Phoenix    __                            __                              20                              20 

Quigg    5*  unknown  5' 

Richards __                             __                          7.700                          7,700 

Rosa   A __ 

Rowe  and  Swerer 

Sims __  unknown 

Spotted  Fawn __                             70                             400                             470 

Stanislaus    River 

Sidlivan  ami  Kahl —  small 

Sunday 2^  __                              __                                2' 

Wagner 

West  End __                             __                             100                             100 

Others __ 

Total 460  7,630  36.530  44,620 

1  Indicates  massive  or  nearly  massive  ore. 

East  Group 
Jamestown  Area 

The  Jamestown  area  comprises  four  deposits  in  the  serpentine  mass 
lying  west  of  Jamestown.  The  dominant  topographic  feature  is  Table 
Mountain,  a  mass  of  Tertiary  lava,  which  trends  north-northeasterly 
across  the  area  and  covers  part  of  the  serpentine.  The  rest  of  the  area  is 
rolling  and  has  a  relief  of  less  than  500  feet.  Nearly  all  the  ore  produced 
from  the  east  group  has  come  from  this  area,  but  the  area  has  been  thor- 
oughly prospected  and  no  new  discoveries  have  been  made.  No  ore  has 
been  shipped  since  the  first  AVorld  War. 

Quigg  Mine  (32).^  The  Quigg  mine,  also  known  as  the  Kahl  mine, 
is  the  second  largest  producer  in  the  count  v.  It  lies  at  an  elevation  of 
1600  feet  in  the  SE|  see.  G,  T.  1  N..  K.  14  E.'-  about  ',\  miles  northwest  of 
Jamestown  on  property  owned  by  Roger  Williamson.  The  mine  has  not 
been  worked  since  11)18,  when  it  was  owned  by  Joseph  Kahl  and  leased 

•  Numbers  refer  to  plate  1. 

*  All  references  are  to  Mount  Diablu  base  line  and  meridian. 
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and  operated  by  C.  M.  Quigg.  When  visited  by  Taliaferro,  the  workings 
consisted  of  an  open-cut,  an  inclined  shaft  30  feet  deep,  a  number  of  small 
stopes,  and  one  large  stope  10  to  15  feet  high  and  25  to  30  feet  long. 
According  to  the  former  operator,  the  shaft  was  later  deepened  to  70 
feet;  but  only  the  open-cut,  about  65  feet  long,  15  feet  deep,  and  10  to  20 
feet  wide,  remains ;  the  underground  workings  having  caved. 

The  chromite  occurred  as  irregular  lenses,  the  largest  of  which  had 
a  N.  40°  W.  strike  and  dipped  80°  SW.  When  discovered  the  chromite 
is  said  to  have  projected  3  or  4  feet  above  the  surrounding  ground.  The 
predominant  country  rock  is  massive,  slightly  sheared,  serpentinized 
saxonite ;  only  very  minor  quantities  of  dunite,  which  perhaps  formed  a 
thin  rind  around  the  chromite,  were  seen.  One  specimen  from  the  dump 
showed  saxonite  in  frozen  contact  with  chromite.  In  most  cases  the  ore 
separated  cleanly  from  the  wall  rock  along  sharp,  slickensided  contacts. 

The  ore  consists  of  hard,  jet-black,  nearly  pure  chromite  having  a 
brilliant,  almost  glassj''  luster.  Only  a  very  small  amount  of  interstitial 
serpentine  gangue,  as  thin  films  around  chromite  grains,  is  present.  Most 
of  the  ore  is  medium  to  coarse  grained  and  some  dump  specimens  are  com- 
posed of  aggregates  of  euhedral  chromite  crystals.  Thin  smears  of  uvaro- 
vite  are  present  on  some  slickensided  surfaces.  Despite  the  purity  of  the 
ore  the  chromic  oxide  content  is  low  and  carload  lots  averaged  only  34  to 
36  percent  CroOs.  The  iron  content  is  correspondingly  low,  however,  and 
the  alumina  content  high,  so  the  material  may  serve  very  well  for  furnace 
liners. 

The  past  production  as  listed  by  Taliaferro  is  presented  in  the  table 
below. 

Shipped  by  Tons  Year 

Joseph  Kahl 50  1908 

Union  Chrome  Company 885  

C.  M.  Quisg 763  1917-18 

Total  production 1,698 

The  extent  of  the  workings  indicates  this  figure  is  more  nearly  correct 
than  the  data  used  in  Minerals  Yearbook  calculations. 

About  5  tons  of  ore  remained  on  the  dump  in  1945.  Reserves  are 
problematical  inasmuch  as  the  subsurface  workings  are  inaccessible,  but 
Mr.  Kahl  states  there  was  some  ore  still  in  sight  when  operations  were 
suspended. 

Sunday  Claim  (34).  The  Sunday  claim  is  owned  by  Joseph  Kahl. 
It  was  operated  in  1918  by  Chas.  Shaffer  and  Frank  Atherton,  who 
shipped  10.1  tons  of  ore.  The  property  is  a  little  over  a  quarter  of  a  mile 
east  of  the  Quigg  mine  in  the  SW:^  sec.  5,  T.  1  N.,  R.  14  E.  There  is  one 
pit  12  feet  long,  6  feet  wide,  and  2  feet  deep.  About  2  tons  of  nearly 
massive,  medium-grained  or6  remain  on  the  dump,  but  practically  no  ore 
is  in  sight  in  the  pit.  The  country  rock  is  serpentinized  saxonite,  and  small 
amounts  of  dunite  are  associated  with  the  chromite. 

A  short  distance  below  and  west  of  this  pit  George  Rowe  and  Alfred 
Swerer  shipped  11.5  tons  from  another  small  prospect  (33)  in  1918. 
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Maclicy  Mine  (31).  The  Mackey  mine  is  in  the  NE]  sec.  21,  T.  1  N., 
R.  14  E.,  on  land  owned  by  Joe  Saguinetti.  It  is  150  feet  north  of  \Voods 
Creek  and  300  feet  east  of  the  railroad  bridge  across  the  creek.  The  mine 
was  first  located  in  the  early  sixties  when  a  small  amount  of  ore  was  said 
to  have  been  mined  and  hanled  to  Stockton,  whence  it  was  shipped  to 
England.  About  1908,  over  8  cars  of  ore  was  shipped  by  P.  Mackey  who 
then  owned  the  property'.  Mackey  operated  the  mine  until  November 
1917,  then  leased  it  to  B.  A.  Ogden  Avho  shipped  about  400  tons  of  ore 
during  1917-18.  In  June  1918,  Ogden  subleased  to  W.  A.  Fitzgerald  who 
opened  up  some  of  the  old  workings  and  shipped  a  small  amount  of  ore. 
The  ore  carried  32  to  40  percent  of  Cr20:i,  and  the  total  production  was 
probably  nearer  1000  tons  than  the  officially  reported  415  tons. 

The  only  visible  workings  that  remain  consist  of  4  small  pits  and 
a  caved  drift.  In  1918  Taliaferro  stated, 

"All  the  workings,  with  the  exception  of  a  tunnel,  are  now  caved  and 

inaccessible.  This  tunnel  is  215  feet  long  and  connects  with  a  shaft  now 

caved.  The  tunnel  was  used  to  take  out  the  ore  from  the  shaft  and  slopes. 

There  is  no  ore  in  sight  and  the  mine  is  said  to  be  worked  out." 

Apparently  the  deposit  consisted  of  a  number  of  relatively  small  pods 
of  massive  chromite  mined  from  highly  sheared,  serpentinized  dunite 
lenses  in  serpentinized  saxonite.  Contacts  of  the  ore  with  serpentine  are 
sheared  and  slickensided.  Dump  specimens  of  the  ore  are  of  medium- 
grained,  massive  chromite.  Some  of  the  ore  has  been  severely  crushed,  is 
fine  grained  and  earthj^,  and  chocolate  bro\\ai.  Much  slip-fiber  asbestos  is 
found  along  fissures  and  much  of  the  serpentine  has  been  altered  to  talc. 
Taliaferro  states  that  an  irregular  mass  of  gabbro  was  exposed  near  the 
end  of  the  tunnel.  Reserves,  if  any,  are  verj^  small. 

Couiterville  Area 

All  the  known  deposits  in  Mariposa  County  lie  in  the  Couiterville 
area.  The  only  ore  shipped  from  the  area  came  from  the  Riverside  chrome 
mine  in  1918,  and  apparently  the  area  has  little  future  as  a  chromite 
producer.  The  area  has  not  been  inspected  h\  Survey  geologists  and  the 
descriptions  of  the  following  properties  in  this  area  are  taken  from 
Tailiaf erro  's  reports. 

Fossow  Property  (36).  The  deposits  on  the  Fossow  property  are  in 
the  NE.{  sec.  26,  T.  28.,  R.  16  E.,  inimodiatrly  at  the  crossroads  known  as 
Penon  Blanco,  about  3  miles  by  road  northwest  of  Couiterville.  The  only 
ore  found  occurred  as  float  ])lowed  out  of  the  deep  soil  t-overing  a  small 
fiat  near  the  crossi-oads  and  was  on  the  west  side  of  a  small  draw  near  the 
west  contact  of  a  highly  sheared  serpentine  mass.  At  the  time  of  Talia- 
ferro's visit  in  1918  about  600  pounds  of  such  ore  had  been  recovered,  but 
none  was  ever  shipped. 

Reed  Property  (37).  The  deposit  on  the  Reed  property  is  ou 
Blacks  Creek  one  mile  southeast  of  the  Fossow  deposits  in  the  SW^  sec. 
27,  T.  2  S.,  R.  16  AV.  Workings  consisted  of.  a  few  trenches  and  a  small 
open-cut  about  4  feet  deep.  The  ore  occurred  as  very  small  lenses  striking 
N.  40""  \V.,  parallel  to  the  schistosity  of  the  highly  sheared  serpentine 
country  rock.  This  deposit,  like  the  Fossow  deposit,  is  near  the  w'est  con- 
tact of  the  serpen! ine  with  Mariposa  slates.  At  the  time  of  Taliaferro's 
visit  in  1918  about  600  pounds  of  medium-grade  chromite  had  been  mined 
and  a  small  amount  of  ore  Avas  in  sight  in  the  cut. 


Chap.  Ij  TUOLUMNE    AND    MARIPOSA    COUNTIES  15 

Riverside  Chrome  Mine  (38).  The  Riverside  chrome  mine  is  about 
3i  miles  south  of  Coulterville  in  the  NEi  sec.  22,  T.  3  S.,  R.  16  E.  The 
deposit  was  located  and  worked  by  T.  C.  Purcell  who  shipped  32  long  tons 
of  ore  from  it  in  1918.  The  worldngs  consisted  of  an  easterly  trending 
open-cut  15  feet  long  and  8  feet  deep,  at  the  east  end  of  which  is  a  pit  4  feet 
by  6  feet  and  10  feet  deep.  The  ore  consisted  of  an  irregular  lens  of  chro- 
mite  striking  about  N.  80°  W.,  near  the  north  end  of  a  narrow  serpentine 
mass.  Near  the  workings  the  serpentine  is  soft  and  highly  sheared,  but  a 
short  distance  west  of  the  pit  it  is  more  compact  and  contains  fine  streaks 
and  disseminated  grains  of  ehromite.  The  schistosity  of  the  serpentine  in 
the  vicinity  of  the  workings  strikes  N.  25°-30°  W.,  at  an  angle  to  the  atti- 
tude of  the  ore  body.  No  ore  remained  in  sight  in  the  workings  at  the  time 
of  Taliaferro 's  visit,  and  it  is  assumed  the  deposit  was  exhausted. 

West  Group 
Marsh's  Flat  Area 

The  Marsh's  Flat  area  lies  in  the  southeast  end  of  the  serpentine 
mass,  3  to  4  miles  west  of  the  rather  indefinite  area  known  as  Marsh's 
Flat.  The  district  is  somewhat  rugged,  and  inaccessible,  with  a  relief  of 
about  1200  feet,  and  therefore  has  never  been  thoroughly  prospected. 
Much  of  the  ore  that  was  mined  during  the  first  World  War  was  never 
shipped,  but  was  still  stockpiled  at  the  varfous  mines  and  prospects  in 
1945.  No  ore  is  known  to  have  been  shipped  from  the  district  during 
World  War  II. 

Ace  of  Spades  Mine  (2)  (Redfox  Claim).  The  Ace  of  Spades  mine  is 
in  the  SE^  sec.  36,  T.  1  S.,  R.  14  E.  at  an  elevation  of  1500  feet,  a  short 
distance  above  the  bottom  of  Reservoir  Gulch  and  northeast  of  it.  The 
remains  of  an  old  dam  used  to  impound  water  for  early  placer  operations 
are  a  few  hundred  feet  downstream  from  the  mine.  The  propertj'  was 
located  during  World  War  I  by  J.  Ruolf,  H.  E.  Egan,  and  H.  Heniker 
under  the  name  Ace  of  Spades;  in  1941  Lee  B.  Johnson  relocated  the 
property  and  called  it  the  Redfox.  When  visited  in  1945  only  3  small  pits 
and  a  15-foot  shaft  remained  of  the  six  pits  Taliaferro  mentioned  in  1918, 
and  no  work  had  been  done  recently.  JSIo  ore  is  known  to  have  been  shipped, 
though  35  to  40  tons  mined  in  1918  were  on  the  dump. 

The  ore  occurs  in  a  series  of  small  lenses  that  range  from  a  few  inches 
to  5  feet  wide  and  up  to  25  feet  long.  They  strike  between  N.  50°  E.  and 
N.  25°  W.  and  dip  steeply  eastward.  The  lenses  consist  largely  of  dissemi- 
nated ehromite,  though  there  are  some  small,  irregular  clots  of  massive 
ore.  Individual  ehromite  grains  range  from  1  to  3  millimeters  in  diameter, 
and  the  proportions  of  ehromite  and  serpentine  vary  widely  from  place 
to  place  even  within  individual  lenses.  Small  lenses  of  serpentinized 
dunite  enclose  the  ore  bodies.  Most  of  the  saxonite  country  rock  and  the 
ore  bodies  have  undergone  considerable  shearing.  The  ore  is  said  to  have 
assayed  from  26.12  to  32.68  percent  Cr^O;},  but  evidently  these  values  were 
obtained  on  picked  samples  because  an  assay  by  the  U.  S.  Bureau  of  Mines 
of  a  representative  grab  sample  (T-137A,  JJ.  S.  B.  M.  No.  731)  of  the  ore 
gave  21.80  percent  Cr203 ;  no  doubt  the  mine-run  ore  would  contain  no 
more  than  20  percent  CvoO^.  Probably  several  hundred  tons  of  milling 
ore  are  present. 

Williamson,  Rosenthal,  and  Mertz  Claims  (3).  Messrs.  Williamson, 
L.  S.  Rosenthal,  and  P.  Mertz  are  said  to  have  done  some  development 
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work  on  three  claims  just  northeast  of  the  Ace  of  Spades  mine,  but  none 
of  these  workings  could  be  found  in  1945. 

Taliaferro  received  information  after  his  visit  that  10  tons  of  ore  had 
been  mined,  though  none  was  shipped. 

Marsh  Flats  Chrome  Associates  ^  Properties  (4,  5,  6,  7).  The  Marsh 
Flats  group  consists  of  7  claims  held  under  lease  in  1942  and  1943  by  the 
Marsh  Flats  Chrome  Associates.  Of  these  claims  the  Mum,  Bluepoint, 
Forked  Pine,  and  Buckhorn  are  owned  by  the  John  L.  Whitney  Estate, 
and  the  Alice  June,  Alice  June  Extenion,  and  Mum  Extension  are  owned 
by  Wm.  C.  Morrisey, 

The  ]\Ium  and  Alice  June  claims  (6)  are  at  an  elevation  of  1500  feet 
in  the  NEl-  sec.  31,  T.  5  Pi.  16  E.,  about  2^  miles  south  of  Jacksonville. 
The  workings  are  on  the  northeast  slope  of  a  low,  gentle  ridge  not  far 
above  the  bottom  of  a  small  gulch.  The  property  is  6  miles  by  graded  dirt 
road  from  the  paved  highway  at  the  Moccasin  Creek  power  station.  The 
claims  were  discovered  and  located  in  1917  by  John  Kahl,  L.  N.  Perretti, 
C.  J.  and  J.  J.  Hughes,  and  were  collectively  known  as  the  Kahl  mine  and 
so  described  by  Taliaferro.  Several  small  pits,  open-cuts,  and  shallow 
shafts  date  back  to  1918,  when  75  tons  of  ore  containing  35  percent 
chromic  oxide  was  mined  and  shipped.  Work  done  by  the  Marsh  Flats 
Chrome  Associates  in  1943  was  largely  confined  to  the  Mum  claim,  and 
consists  of  3  power-shovel  pits,  rather  extensive  bulldozer  scalping,  and 
some  shallow  trenches.  About  300  long  tons  of  ore  was  mined  and  stacked. 

The  chromite  deposits  are  in  a  zone  of  irregular,  northwesterly 
trending  lenses  of  serpentinized  dunite  which  grades,  in  many  places 
rather  abruptly,  into  saxonite  country  rock.  There  are  numerous  small 
masses  of  saxonite  also  within  the  dunite  lenses.  The  ore  occurs  as  small 
pods  and  lenticular  masses  of  nearly  pure  chromite  in  sheared  serpentine, 
as  aggregations  of  interlayered  thin  lenses  of  massive  chromite  and  dis- 
seminated chromite  in  dunite,  and  in  a  very  few  places  as  small  masses 
of  nodular  ore.  Of  greatest  potential  economic  importance  are  the  irregu- 
lar, discontinuous  bodies  of  disseminated  ore  which  crop  out  over  a  strike 
distance  of  1,100  feet.  The  largest  of  these  bodies  has  a  maximum  width 
of  50  feet  and  a  length  of  110  feet.  The  low-grade  ore  is  variable,  and 
evenly  disseminated,  banded  disseminated,  and  nodular  ore  are  all  found. 
The  layers  in  the  banded  ore  dip  about  80°  NE,  parallel  to  the  long  axes 
of  the  lenses  and  layering  in  the  neighboring  saxonite.  The  chromite  grains 
are  nearly  uniform  in  size  and  average  2  or  3  millimeters  in  diameter. 
Assays  by  the  Marsh  Flats  Chrome  Associates  indicate  the  average  Cr203 
content  of  the  ore  is  15  to  20  percent. 

A  sj'stem  of  faults  which  strike  N.  60°  to  80°  E.  crosses  the  ore  zone, 
and  some  ore  bodies  are  entirely  cut  off  by  the  faults.  In  most  places  the 
blocks  north  of  the  faults  are  displaced  westward.  Thin  dikes,  now  altered 
to  talc  and  chlorite,  have  been  injected  along  some  of  the  faults.  Normal 
contacts  between  the  ore  and  barren  dunite  are  gradational,  and  the  indi- 
vidual lenses '  *  feather  out ' '  along  the  strike. 

A  zone  of  several  small  lenticular  ore  bodies  made  up  of  thin  lenses 
of  massive  chromite  separated  by  barren  dunite  lies  slightly  southeast 
of  the  zone  of  disseminated  ore  bodies  and  parallel  to  it.  A  small  amount 
of  shipping  ore  can  still  be  mined  from  these  deposits,  but  as  most  of  the 
massive  chromite  lenses  are  too  small  to  be  mined  selectively  they  would 
have  to  be  milled. 


'Though  derived  from  the  geographic  feature  Mar.sh's  Plat,  the  legal  name  of  this 
company  i.s  "Marsh  Flats." 
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Reserves  of  7,500  long  tons  of  ore,  in  bodies  of  sufficient  size  to  permit 
mining  with  a  power-sliovel,  are  indicated  by  surface  exposures  and 
wagon-drill  holes  to  a  depth  of  14  feet.  Possibly  other  ore  bodies  would 
be  found  during  the  progress  of  mining  operations,  and  the  amount  of 
ore  per  foot  of  depth  would  remain  more  or  less  constant.  On  the  basis  of 
this  assumption,  perhaps  25,000  long  tons  of  ore  could  be  mined  to  a  depth 
of  50  feet  by  power-shovel  methods.  An  additional  6,000  long  tons  of  ore  is 
probably  present  in  bodies  too  small  and  scattered  for  profitable  mining. 

The  Bluepoint  claim  (5)  is  about  2.000  feet  south  by  east  of  the  Mum 
claim  on  the  same  ridge,  at  a  point  100  to  150  feet  below  the  crest  of  a 
south-facing  slope.  Small  pods  of  nearly  massive,  coarse-grained  chromite 
have  been  mined  from  three  small  open-cuts  spaced  50  to  60  feet  apart 
along  a  line  trending  X.  10°  "W.  The  country  rock  is  saxonite,  which  in 
the  vicinity  of  the  chromite  is  highly  sheared,  and  dunite,  which  prob- 
ably formed  thin  shells  around  the  chromite.  All  the  pods  have  been  cut 
by  dikes  which  have  been  altered  to  coarse-grained  talc.  Considerable 
kammereriteand  remarkably  large  and  well-formed  uvaro^-itecrystalshave 
formed  in  fractures  and  fissures  in  the  ore,  probably  by  hydrothermal 
acti^-ity  related  to  the  dikes.  A  small  amount  of  unmined  ore  remains  in 
the  pits  and  10  to  12  tons  of  ore  mined  in  1918  is  stacked  on  the  dump. 

Forked  Pine  claim  (4)  is  about  half  a  mile  southeast  of  the  Mum 
claim,  slightly  northeast  of  the  crest  of  the  ridge.  About  20  long  tons  of 
coarse-grained  massive  ore  mined  during  1918  remains  stockpiled  beside 
the  two  open-cuts.  The  chromite  pods  were  surrounded  by  shells  of 
sheared,  serpentinized  dunite.  in  serpentinized  saxonite.  A  good  deal 
of  coarse-grained  talc  is  mixed  with  the  ore. 

The  Buckhorn  claim  (7)  is  in  the  SE^  sec.  25,  T.  1  S..  R.  14  E. 
and  the  XE^  sec.  36.  T.  1  S..  R.  14  E.  The  claim  was  originally  discovered 
and  located  by  George  Adams  and  C.  F.  Lighthold  in  1917  and  was  then 
called  the  Wildboar  claim.  Xear  the  head  of  Reservoir  Gulch  scattered 
over  an  area  several  hundred  feet  wide  are  six  or  seven  small  pits  and 
open-cuts.  Most  of  the  ore  has  been  taken  from  three  open-cuts  100  feet 
west  of  the  bottom  of  the  gulch.  The  ore  consists  of  high-grade  dissem- 
inated chromite  and  pods  of  massive  chromite  in  which  chromite  grains 
measure  2  to  5  millimeters  in  diameter.  Dunite  surrounds  most  of  the  ore 
bodies,  and  the  country  rock  is  largely  saxonite.  Shearing  is  extensive, 
especially  in  and  near  the  ore  bodies.  Small  dikes  largely  altered  to  coarse- 
grained talc  follow  many  of  the  faults.  Conspicuous  amounts  of  uvarovite, 
some  of  the  crystals  ha^^ng  a  diameter  of  2  millimeters,  have  formed  in 
fractures  in  the  ore.  From  30  to  40  long  tons  of  ore  was  mined  from  this 
property  in  1917-18  and  remains  stockpiled  around  the  various  pits  and 
open-cuts. 

Doji  Pedro  Mine  fl).  The  Don  Pedro  mine,  known  also  as  the 
Rosasco  mine  and  the  Booker  lease,  is  on  the  Rosasco  Ranch  4  miles  east- 
southeast  of  Hetch  Hetchv  Junction  near  the  center  of  the  X-J  sec.  10, 
T.  2  S.,  R.  14  E.  The  deposit  is  on  the  top  of  a  eentle  swell  about  150  feet 
northeast  of  a  small  creek.  The  area  is  one  of  low  relief  with  gently  roll- 
ing hills.  The  mine  was  first  operated  in  1905  or  1906  by  P.  Mackey.  Sev- 
eral ears  of  ore  are  said  to  have  been  shipped.  After  a  period  of  idleness 
the  mine  was  reopened  in  1916  and  was  worked  until  1918.  During  this 
period  nearly  600  long  tons  of  ore  were  mined,  though  the  recorded 
production  is  but  461  long  tons. 
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Workings  consist  of  eight  or  nine  small  open-cuts  and  caved  shafts 
scattered  for  400  feet  along  the  trend  of  the  ore  zone.  Two  of  the  shafts  are 
said  to  have  been  70  and  90  feet  deep,  respectively. 

The  mine  is  near  the  center  of  a  narrow,  highly  sheared  serpentine 
sill  about  300  feet  wide,  in  slates,  and  is  the  only  deposit  in  the  west  belt 
outside  of  the  main  peridotite  mass.  The  deposit  consisted  of  numerous 
small  pods  and  lenses  of  massive  chromite  unevenly  scattered  along  a 
narrow  zone  trending  N.  15°  W.  The  rock  is  so  highly  sheared  that  the 
original  varieties  of  peridotite  are  not  distinguishable.  The  ore  is  black, 
massive,  medium-grained  chromite  with  a  subraetallic  luster.  Small 
amounts  of  kammererite  are  present  in  fissures  and  on  slickensided 
surfaces  of  the  ore.  Carload  lots  of  the  ore  are  said  to  have  analyzed 
36  to  44  percent  of  Cr203.  A  few  hundred  pounds  of  ore  remain  scattered 
about  the  dumps.  Taliaferro  visited  the  property  not  many  weeks  before 
operations  ceased  in  1918,  and  saw  little  reason  to  believe  the  mine  was 
near  exhaustion;  he  believed  deeper  mining  might  produce  consider- 
able ore. 

Chinese  Camp  Area 

The  Chinese  Camp  area  includes  several  deposits  located  1  to  5 
miles  west  of  Chinese  Camp,  south  of  Table  Mountain.  Much  of  the  area 
is  relatively  flat  and  partly  alluviated  and  few  of  the  hills  rise  more 
than  400  feet  above  the  valleys.  The  largest  part  of  the  ore  produced  in 
Tuolumne  County,  and  practically  all  the  metallurgical  grade  ore,  have 
come  from  this  district.  The  district  has  been  thoroughlj^  prospected 
and  no  new  discoveries  have  been  made  since  the  first  World  War.  Most 
of  the  deposits  of  massive  ore  have  been  exhausted,  but  considerable 
low-grade,  milling  ore  remains.  Water  is  a  problem  in  most  of  the  mines 
and  pumping  is  necessary. 

Eggling  and  Williams  Mines  (10).  The  Eggling  and  Williams 
mines,  scattered  over  an  area  from  three-quarters  to  1\  miles  southeast 
of  Chinese  Station,  are  on  land  owned  by  John  Mariano  in  sees.  4,  5,  8, 
and  9,  T.  1  S.,  R.  14  E.  Workings  consist  of  nine  or  ten  open-cuts  and 
shafts,  most  of  which  are  either  flooded  or  caved.  One  caved  shaft, 
reported  to  be  40  feet  deep,  lies  about  three-quarters  of  a  mile  S.  20°  E. 
of  Chinese  Station.  The  ore  was  in  sheared  serpentine.  Taliaferro  states 
that  a  15-foot  drift  to  the  west  about  5  feet  above  the  bottom  of  the  shaft 
exposed  a  lens  of  ore  20  to  24  inches  wide  and  10  feet  long,  and  that  a 
small  amount  of  ore  was  exposed  in  the  east  side  of  the  shaft.  This  ore  was 
subsequently  mined  out.  Scattered  pieces  of  ore  lying  around  the  dump 
are  massive,  fine-grained  chromite.  The  ore  contained  about  38  percent 
of  CraOa. 

From  a  quarter  to  half  a  mile  east  of  this  shaft  are  3  more  flooded 
shafts;  they  were  first  worked  by  0.  O.  Scripture  in  1915-16.  The  ore 
in  the  most  southerly  of  these  workings  was  in  sheared  serpentine,  in 
which  some  dunite  is  recognizable.  Specimens  of  high-grade  dissemi- 
nated chromite  containing  perhaps  from  10  to  15  percent  of  interstitial 
serpentine  were  found  on  the  dump.  The  other  two  shafts  were  sunk  in 
relatively  unsheared  serpentine  derived  largely  from  saxonite,  and  found 
medium-grained  chromite  containing  about  10  percent  of  interstitial 
serpentine. 


Chap.  1]  TUOLUMXE    AND    MARIPOSA    COUNTIES  19 

Near  the  head  of  Sisbit  Gulch,  four-tenths  of  a  mile  south  of  the 
shaft  first  described  and  about  400  feet  east  of  the  Chinese  Station  road, 
there  is  a  caved  shaft  which  Taliaferro  says  was  63  feet  deep  and  struck 
a  lens  of  ore  1^  to  2  feet  thick  and  8  feet  long.  Near  the  collar  of  the 
shaft  which  is  in  slickentite  there  is  a  lens  of  massive,  medium-grained 
chromite  about  4  inches  wide  striking  N.  30°  W.  About  15  tons  of  ore 
containing  approximately  39  percent  CroOa  is  said  to  have  been  shipped. 
It  seems  probable  that  the  ore  Taliaferro  saw  in  1918  is  still  in  place, 
as  the  mine  was  idle  at  that  time  and  all  chrome  mining  ceased  when 
prices  dropped  soon  afterward. 

A  little  ore  was  mined  from  a  small  pit  in  slickentite  serpentine 
about  300  feet  northeast  of  this  shaft. 

Several  bodies  of  chromite  were  encountered  in  an  old  copper  mine 
which  was  worked  in  the  seventies  about  a  quarter  of  a  mile  south-south- 
east of  the  63-foot  shaft.  About  the  turn  of  the  century  100  tons  of 
chromite  was  mined  and  shipped  to  Scotland,  and  in  1917  Eggling  and 
Williams  shipped  37  tons  of  39  percent  ore.  The  workings  are  in  two 
groups:  (1)  an  open-cut  and  a  shaft  at  least  60  feet  deep;  and  (2)  an 
open-cut  65  feet  long  and  a  caved  drift  750  feet  southeast  of  the  first 
group.  The  drift  is  at  the  southeast  end  of  the  cut  and  both  trend  south- 
east parallel  to  the  schistosity  of  the  serpentine.  Small  pods  and  lenses 
of  massive,  medium-grained  ore  enclosed  in  slickentite  serpentine  are 
visible  in  both  sets  of  workings.  Thin  diorite  dikes  cut  the  serpentine 
and  small  amounts  of  kammererite  fill  fractures  in  the  chromite  but  no 
copper  minerals  were  seen.  Another  small  pit  from  which  a  small  amount 
of  chromite,  was  removed  is  in  slickentite  serpentine  500  feet  north  of 
the  long  open-cut. 

A  recorded  total  of  363  tons  of  ore  has  been  produced  from  the 
various  workings  on  this  property,  but  reserves  are  probably  small. 

Bu}-ns  and  Tnrzich  Mine  (8).  The  Burns  and  Turzich  mine  is 
about  150  feet  west  of  the  Chinese  Station  road  and  500  feet  west  of  the 
63-foot  shaft  on  the  Eggling  and  Williams  lease.  This  mine  is  likewise 
on  the  ]\Iariano  Kanch,  and  consists  of  a  shaft  which  is  still  open  to  a 
depth  of  35  feet.  The  country  rock  is  highly  sheared,  talcose  serpentine, 
and  specimens  from  the  dump  are  of  medium-grained,  massive  chromite. 
Taliaferro  states  that  at  the  time  of  his  visit  in  July  1918  about  7  tons 
of  ore  containing  38.2  percent  of  Cr^Os  had  been  shipped  and  10  tons 
were  stockpiled  on  the  dump  awaiting  shipment. 

About  750  feet  northwest  of  these  workings  is  another  caved  shaft 
12  feet  deep  which  Taliaferro  described  as  the  Leonard  Le  Pappe  pros- 
pect (9).  The  country  rock  is  somewhat  sheared,  barren  saxonite,  and 
no  ore  was  seen  either  in  place  or  on  the  dump. 

Perconi  Fanch  Deposits  (12).  Two  chromite  deposits  have  been 
mined  and  a  number  of  unexploited  deposits  are  known  on  the  Perconi 
Ranch  in  the  flat,  partly  alluviated  area  about  half  a  mile  north  of 
Chinese  Station  in  sec.  5,  T.  1  S.,  R.  14  E.  The  deposits  were  leased  and 
operated  by  0.  Malone  and  G.  H.  Rowe  during  the  first  World  War. 
Taliaferro  described  the  deposits  as  follows : 

One-half  mile  N.  50'  W.  of  Chinese  Station  are  several  cuts  and 
pits  from  which  about  50  tons  of  32  percent  or  33  percent  ore  has  been 
mined.  There  are  7  or  8  pits  and  cuts,  varying  from  5  to  30  feet  in  depth, 
arranged  along  a  line  which  trends  in  a  northwesterly  direction.  The  ore 
occurs  as  lenses  or  small  irregular  bodies  in  an  intensely  sheared  serpentine 
which  varies  in  color  from  light  green  to  almost  black.  These  lenses  and 
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bodies  lie  parallel  to  the  schistosity  of  the  serpentine  which  varies  from 
northwest  to  N.  60°  W.  Most  of  the  ore  can  be  mined  free  from  the 
enclosing  serpentine,  from  which  it  is  separated  by  slips.  The  ore  is  rather 
low  grade  and  contains  much  soft  white  to  yellowish  serpentine  and  light 
green  talc.  Several  assays  made  of  the  ore  mined  so  far  have  varied  between 
32  percent  and  34  percent  CreOa,  the  average  being  only  slightly  above  32 
percent.  About  50  tons  of  ore  have  been  mined  but  no  ore  has  been  shipped. 

About  i  mile  S.  80°  E.  of  the  workings  just  described  and  on  the 
flat  less  than  i  mile  north  of  Chinese  Station,  there  are  a  few  shallow  pits 
and  cuts  in  what  appears  to  be  a  rather  large  low  grade  deposit.  There 
are  three  pits  each  about  150  feet  apart  and  from  8  to  20  feet  deep.  In  the 
most  westerly  pit  the  ore  is  about  li  feet  wide.  The  maximum  width  of  ore 
exposed  in  any  of  the  pits  is  about  2|  feet.  ]Most  of  this  ore  is  below  ship- 
ping grade  and  would  have  to  be  concentrated.  There  are  streaks  of  high 
grade  ore,  but  at  the  present  cost  of  lalior  this  could  not  be  hand  soi-ted  at 
a  profit  and  it  would  be  best  to  mill  the  ore  as  a  whole.  This  ore  is  of  u 
rather  peculiar  type  and  consists  of  stringers  and  patches  of  chromite  in 
a  soft,  light-colored  serpentine.  The  chromite  is  rather  erratically  dis- 
tributed through  the  serpentine,  there  being  no  tendency  to  segregate  into 
bands.  The  infrequent  outcrops  of  serpentine  between  the  pits  occasionally 
show  stringers  of  chromite  and  it  is  very  possible  that  the  low  grade  ore 
is  more  or  less  continuous  for  300  feet  or  more.  This  zone  follows  the 
schistosity  of  the  serpentine  which  strikes  N.  65°  E.,  the  trend  of  the  north- 
eastern contact  of  the  serpentine  in  this  vicinity.  This  deposit  is  not  far 
southwest  of  the  contact. 

About  500  feet  north  of  this,  in  same  flat  and  on  the  same  lease, 
much  banded  low  grade  ore  is  exposed  at  the  surface.  No  development  work 
has  been  done  and  the  exposures  are  rather  poor. 

Sims  Property  (13).  The  Sims  property  is  in  the  N^  sec.  5,  T.  1.  S., 
R.  14  E.,  about  half  a  mile  N.  5°  E.  of  Chinese  Station,  and  a  few  hundred 
feet  north  of  the  Perconi  Ranch.  The  deposit  is  near  the  foot  pf  a  low  hill 
on  land  owned  by  Henry  Sims.  During  the  first  World  War  nearly  165 
tons  of  ore  containing  35  to  38  percent  Cr203  was  shipped,  and  in  1943-44 
work  was  resumed,  but  very  little  ore  was  mined.  The  workings  consist  of 
a  small  open-cut  and  a  water-filled  inclined  shaft  about  60  feet  deep.  A 
number  of  small  pods  and  lenses  of  nearly  pure  medium-grained  chromite 
were  mined  from  sheared  serpentine  in  which  some  dunite  is  recognizable. 
The  ore  bodies  are  elongate  in  a  N.  40°  E.'  direction  parallel  to  the  schis- 
tosity of  the  serpentine  and  to  the  nearest  serpentine-metavolcanic  con- 
tact. 

Beckwith  Emich  Mines  (14, 15, 16,17).  Several  deposits  were  mined 
during  the  first  World  War  on  the  Beckwith  Ranch  by  a  number  of  differ- 
ent leasers,  but  no  work  has  been  done  on  any  of  them  since  that  time. 
They  were  not  visited  by  the  Geological  Survey  party.  The  Rosa  A  mine 
(14),  the  Mapes-O'Hara  lease  (15),  and  the  Fagen  lease  (16)  are  all 
located  in  sec.  1,  T.  1  S.,  R.  13  E.  Ore  was  mined  from  small  pits  and 
shafts  not  more  than  25  feet  deep.  The  country  rock  at  each  of  the  mines 
is  slickentite.  A  total  of  less  than  40  tons  of  ore  was  produced  from  all 
three  of  these  deposits  and  of  that  amount  30  tons  came  from  the  Rosa  A. 

The  Booker  lease  (17)  is  in  the  SE^  sec.  2,  T.  1  S.,  R.  13  E.  Taliaferro 
described  the  workings  as  consisting  of  a  long  narrow  trench  that  follows 
a  well-defined  ore  zone  whose  strike  is  N.  60°  W.  and  dip  75°  NE.,  parallel 
to  the  schistosit}^  of  the  serpentine.  As  a  whole  the  zone  was  somewhat 
irregular  and  broken  up  by  a  series  of  faults.  Most  of  the  ore  was  low 
grade  and  disseminated,  but  included  some  rather  small  streaks  of 
shipping-grade  ore  elongate  parallel  to  the  trend  of  the  ore  zone.  The  ore 
zone  was  1  to  3  feet  wide.  There  were  said  to  have  been  some  lenses  of 
shipping  ore  16  to  18  inches  wide  and  10  to  20  feet  long.  The  low-grade  ore 
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consisted  of  evenly  distributed  grains  of  eliromite  in  a  matrix  of  soft,  por- 
ous, white  or  light-yellow  serpentine.  About  43  tons  of  ore  containing  36 
percent  CroOs  have  been  shipped  from  this  mine. 

McConnick  Mine  (18)  (Terry  and  Sell  Lease).  The  McCormick 
mine  is  at  an  altitude  of  about  1000  feet  near  the  center  of  sec.  2,  T.  1  S., 
E.  13  E.  The  ore  is  hauled  5  miles  over  paved  roads  to  the  railroad  at 
Chinese  Station.  The  property  is  owned  by  Eobert  ]\IcCormick  and  his 
two  sisters,  Mrs.  E.  O'Connor  and  Mrs.  F.  Winn  of  Sonora,  California, 
and  is  under  lease  to  E.  A.  Kent  of  San  Francisco,  California. 

According  to  local  residents  the  first  chromite  was  mined  from  the 
property  about  1870  by  an  English  sjTidicate.  Little  is  known  concerning 
the  production  during  this  early  period  of  operation,  but  the  size  of  the 
open-cuts  indicates  that  perhaps  1,000  tons  of  ore  was  mined.  Under- 
ground mining  began  during  the  fii-st  World  War,  and  from  the  south  ore 
body  above  the  88-foot  level  about  725  long  tons  of  ore  was  mined  and 
shipped.  From  1931  to  1934,  a  total  of  1,328  long  tons  was  produced  from 
that  part  of  the  ore  body  lying  between  the  88-foot  and  the  170-foot  levels. 
After  the  mine  was  reopened  late  in  1942  the  workings  were  extended  to 
a  depth  of  216  feet  and  254  long  tons  of  ore  were  mined.  This  mine  there- 
fore has  a  recorded  production  of  2,307  long  tons  of  chromite  from  the 
south  ore  body,  excluding  ore  mined  prior  to  the  first  World  War.  No 
records  of  production  from  the  north  ore  body  are  available,  but  the  size 
of  the  workings  indicates  that  it  may  have  yielded  1,000  tons.  The  prop- 
erty has  been  described  briefly  in  unpublished  reports  by  Taliaferro  and 
Cameron. 

The  mine  was  mapped  by  the  U.  S.  Geological  Survey  in  1943  and 
was  explored  b}'  the  U.  S.  Bureau  of  Mines  in  cooperation  with  the  Survey 
during  the  following  winter. 

The  chromite  deposits  are  in  lenses  of  dunite  scattered  in  a  north- 
westerly trending  zone  through  pyroxene-bearing  peridotite  which  is 
classified  tentatively  as  saxonite.  All  the  peridotite  is  thoroughly  ser- 
pentized  and  has  a  marked  schistosity.  An  irregular  mass  of  granodiorite 
nearly  half  a  mile  long  and  almost  as  wide  cuts  the  serpentine  just  west 
of  the  chromite  deposits.  In  the  vicinity  of  the  mine  the  granodiorite-ser- 
pentine  contact  is  roughly  parallel  to  the  strike  of  the  schistosity  of  the 
serpentine.  Several  masses  of  meta-volcanic  rocks  in  the  serpentine,  a  few 
hundred  feet  east  of  the  deposit,  appear  to  be  large  inclusions  carried  up 
by  the  peridotite.  The  high  degree  of  weathering  and  alteration  at  and 
near  the  surface  has  totally  obscured  the  character  of  the  original  peri- 
dotite over  most  of  the  area,  but  below  this  weathered,  altered  zone  ser- 
pentinized  dunite  and  saxonite  are  in  many  places  recognizable.  Dark- 
colored  splotches,  thought  to  be  relics  of  enstatite  crystals,  give  the  sax- 
onite a  peculiarly  swirled,  mottled  appearance.  Below  the  altered  surface 
zone  the  serpentinized  dunite  is  dense,  dark,  and  homogeneous. 

Numerous  dikes  cut  the  chromite  and  serpentine.  With  the  exception 
of  one  pegmatite  dike  composed  of  quartz  and  feldspar,  the  dikes  range 
in  composition  from  a  fresh  gray  medium-grained  diorite  to  a  dense  fine- 
grained white  rock  called  rodingite,  which  is  a  mixture  of  diallage, 
prehnite,  and  grossularite.  In  general  the  larger  dikes  are  less  altered 
than  the  smaller  ones.  The  variations  in  composition  of  the  dikes  are 
believed  to  have  been  caused  by  hydrothermal  alteration  of  the  original 
dioritic  material.  The  pegmatite  dike  occupies  a  shear  zone  about  500 
feet  northwest  of  the  main  shaft.  The  dikes  appear  to  be  isolated  lenslike 
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masses  having  no  visible  feeders,  and  seem  to  have  been  squeezed  into 
place  in  the  incompetent  serpentine  and  the  fractured  chromite.  Some  of 
the  dikes  are  believed  to  be  related  to  the  granodiorite. 

After  serpentinization  and  before  the  intrusion  of  the  dikes,  the 
peridotite  was  intensely  sheared  along  zones  parallel  to  the  strike.  Shear- 
ing commonly  is  localized  at  the  contacts  of  the  chromite  bodies  and  fol- 
lows the  lines  of  least  strength  in  the  peridotite. 

The  deposit  consisted  of  two  large  and  three  small  irregular  lenses 
dipping  almost  vertically.  Only  the  two  larger  lenses,  the  north  and 
south  ore  bodies,  have  yielded  appreciable  amounts  of  ore,  although  the 
smaller  lenses  have  been  mined.  The  ore  is  almost  pure  chromite  con- 
sisting of  subhedral  grains  0.3  to  ]  .0  centimeter  in  diameter  separated  by 
thin  films  of  serpentine  and  talc.  Except  where  sheared  the  chromite  is 
black  and  has  a  submetallic  luster.  No  disseminated  or  nodular  ore  was 
seen  in  place,  although  specimens  collected  from  the  dump  contained 
ill-formed  nodules  of  chromite  in  a  matrix  of  serpentinized  dunite.  Where 
fractured  and  faulted  the  ore  may  be  mixed  with  appreciable  quantities 
of  serpentine,  most  of  which  is  sorted  out.  Minor  amounts  of  uvarovite 
and  kammererite  are  present,  especially  along  contacts  between  chromite 
and  dikes  of  diorite  or  rodingite.  Many  of  these  diorite  and  rodingite 
dikes  cut  longitudinally  through  the  center  of  chromite  lenses  rather 
than  along  the  borders.  Contacts  between  the  ore  and  serpentine  are 
invariably  sheared  and  blocks  of  chromite  commonly  have  highly  polished 
slickensided  surfaces.  Ore  as  mined  contains  45  to  47  percent  chromic 
oxide  and  has  a  chromium  to  iron  ratio  of  3.1  to  3.5. 

The  south  ore  body  is  an  irregular,  lenticular  mass  which  originally 
was  about  165  feet  long  and  averaged  4  feet  in  thickness.  ''Pinches"  and 
"swells"  are  numerous.  The  ore  body  strikes  about  N.  45°  W.  at  the 
surface,  but  between  the  surface  and  the  88-foot  level  the  strike  changes 
to  N.  30°  W.  The  ore  body  dips  about  87°  NE  and  pitches  steeply  north- 
west. Numerous  cross-faults  have  broken  the  lens  into  blocks,  and  sinuous 
faults  at  an  acute  angle  to  the  strike  of  the  ore  cause  some  of  the  minor 
pinches.  Most  of  the  major  cross-faults  are  in  the  southern  part  of  the 
lens,  trend  northeasterly,  and  dip  steeply  northward.  The  northernmost 
of  these  faults,  where  early  mining  below  the  88-foot  level  was  stopped, 
has  an  appreciable  hinge-like  displacement  about  40  feet  below  the  collar 
of  the  main  shaft.  On  the  129-foot  level,  however,  the  horizontal  displace- 
ment is  small,  and  the  footwall  ore  block  was  found  by  the  Bureau  of 
Mines  along  the  projection  of  the  strike  of  the  main  segment  of  the  ore 
body  after  passing  through  a  few  feet  of  highly  sheared  serpentine.  Little 
ore  is  believed  to  exist  south  of  the  fault  that  cuts  off  the  ore  in  the  south 
ends  of  the  88-  and  129-foot  levels,  for  in  the  new  workings  almost  directly 
above,  the  ore  ]unclies  out  without  faulting,  and  drill  hole  No.  10,  aimed 
to  intersect  a  possible  southern  extension  of  the  ore,  passed  through 
dunite  without  encountering  any  chromite. 

The  average  thickness  of  the  ore  mined  was  about  4  feet.  At  one  of 
the  "swells"  the  ore  was  14  feet  thick,  but  it  maintained  a  uniform 
thickness  of  about  1  foot  in  the  winze  between  the  170-  and  21()-foot  levels. 
Tiie  long  axes  of  the  major  "pinches"  and  "swells"  are  approximately 
horizontal,  and  if  seen  as  a  whole  the  ore  body  would  have  a  somewhat 
corrugated  appearance. 

The  walls  of  the  ore  lens  are  faults  which  continue  through  the  barren 
"pinches"  between  the  "swells."  Exploration  at  the  north  end  of  the 
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129-foot  level  indicates  that  the  shearing  dies  out  along  the  strike  a  short 
distance  beyond  the  limits  of  the  ore  lens. 

Although  many  of  the  workings  on  the  north  ore  body  are  either 
caved  or  filled,  two  short  exploratory  drifts  that  extend  south  from  a 
shaft  sunk  in  1940  were  examined  when  the  workings  were  dewatered. 
The  ore  body  was  mined  to  a  depth  of  more  than  100  feet  and  the  width  of 
the  partly  filled  stopes  visible  from  the  shaft  indicates  that  the  ore  was 
from  3  to  6  feet  thick. 

The  major  features  of  this  ore  body  appear  to  have  been  similar  to 
those  of  the  south  ore  body.  The  lens  was  broken  into  several  segments  by 
a  series  of  cross-faults  having  horizontal  displacements  of  a  few  feet.  A 
fault,  visible  in  the  end  of  an  old  stope  at  the  bottom  of  the  shaft,  cuts 
the  north  ore  body  near  its  south  end.  The  movement  on  this  fault  was 
principally  vertical  and  the  upward  displacement  of  the  southern  block 
was  sufficient  to  leave  only  the  very  bottom  of  the  ore  lens  below  the 
present  ground  surface,  as  indicated  by  a  little  ore  mined  from  a  small 
open-cut  south  of  the  fault  and  small  stringers  of  ore  in  the  two  explora- 
tory drifts  south  of  the  fault. 

Chromite  was  mined  from  three  other  small  lenses  in  the  vicinity; 
two  of  them  appear  on  the  accompanying  map  (pi.  3),  and  the  other  is 
about  1,000  feet  southeast  of  the  mapped  area.  All  these  bodies  trend 
about  X.  30°  "W.  and  dip  vertically.  Walls  of  the  cuts  are  highly  sheared 
and  slickensided,  and  the  exposed  rocks  are  too  highly  altered  and 
weathered  to  permit  varietal  distinctions.  Diamond-drill  hole  Xo.  9, 
under  the  most  easterly  of  the  mapped  lenses,  passed  through  a  lens  of 
serpentinized  dunite  below  the  open-cut ;  it  is  probable  that  all  the  chro- 
mite lenses  were  enclosed  by  dunite.  Little  ore  remains  in  any  of  these 
workings. 

An  accurate  estimate  of  reserves  is  impossible  because  of  the  irregu- 
lar nature  of  the  ore  bodies.  In  February  1944  about  500  tons  of  indicated 
and  inferred  ore  was  estimated  to  remain  in  the  south  ore  bod}^  but 
reserves  in  all  the  other  ore  bodies  are  negligible.  Additional  discoveries 
in  the  vicinity  are  unlikely.  The  shear  zone  parallel  to  the  serpentine 
contact  has  been  trenched  and  drilled  to  an  average  depth  of  110  feet  in 
holes  100  feet  apart,  from  a  point  150  feet  south  of  the  south  ore  body 
to  a  point  150  feet  north  of  the  north  ore  body.  The  drill  holes  in  all 
probability  would  have  penetrated  any  ore  body  of  1,000  tons  or  more; 
because  none  was  encountered  it  is  believed  that  no  noteworthy  bodies  of 
chromite  ore  occur  within  the  explored  zone  at  depths  which  economically 
justify  further  exploration. 

The  dump  on  the  south  deposit  contains  about  2000  short  tons  of 
material  that  probably  averages  10  to  15  percent  chromite.  This  dump 
had  been  leased  and  was  being  worked  intermittently.  A  jig  was  used  to 
concentrate  the  finer  material  and  the  lump  chromite  was  sorted  out 
by  hand. 

Peoria  Flat  Area 

The  area  known  as  Peoria  Flat,  or  Peoria  Basin,  lies  about  5  miles 
southwest  of  Jamestown  between  Table  Mountain  and  the  Stanislaus 
River.  The  area  is  one  of  low  rolling  hills  and  only  moderate  relief,  but 
the  enclosing  mountains  rise  abruptly  several  hundred  feet  above 
the  basin.  In  comparison  with  other  parts  of  the  peridotite  massif 
the  proportion  of  dunite  is  rather  large,  and  a  number  of  northwesterly 
trending  dunite  lenses  several  hundred  feet  long  are  scattered  about  the 
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area.  Nearly  all  of  the  deposits  consist  of  low-grade  disseminated  ore  or 
thin  layers  of  high-grade  ore  alternating  with  layers  of  either  barren 
dunite  or  low-grade  disseminated  ore.  Few  if  any  pods  of  massive  ore 
are  known  to  exist  in  the  area.  Several  hundred  tons  of  ore  was  mined 
and  shipped  during  the  first  AYorld  War.  most  of  which  contained  only 
about  30  percent  of  chromic  oxide.  Only  a  small  amount  of  milled  concen- 
trates have  been  shipped  since  then.  The  district  contains  larger  reserves 
of  ore  than  any  area  within  the  county,  but  little  development  work  is 
under  way.  ]Many  of  the  mines  have  been  involved  in  litigation. 

ZieJiike  Claims  (20,  21,  22).  J.  Ziehlke  owns  three  claims — the 
West  End  (21),  the  Spotted  Fawn  (20),  and  the  North  End  (22)— all 
in  the  SW^  sec.  25,  T.  1  N.,  R.  13  E.  In  1942  V.  Johnson,  J.  F.  Stewart, 
and  George  Everhart  leased  the  claims  and  built  a  small  5-stamp  mill 
on  the  Spotted  Fawni  claim.  The  Spotted  Fawn  claim  has  been  briefly 
described  in  the  California  State  Mining  Bureau  Bulletin  No.  76  under 
the  title  of  the  Pereira  property,  and  in  Taliaferro's  report  under  the 
title  U.  S.  A.  mine.  The  West  End  property  was  described  by  Taliaferro 
as  the  C.  M.  Quigg  lease  on  the  Pereira  property,  and  the  North  End 
claim  includes  part  of  what  he  describes  as  the  Morning  Glory  and  Last 
Chance  claims.  The  Spotted  Fawn  lies  about  100  feet  east  of  a  fork  of 
Peoria  Creek  and  the  West  End  lies  a  few  hundred  feet  west,  very 
near  the  bottom  of  the  creek.  The  North  End  claim  is  about  1000  feet 
northeast  of  the  Spotted  Fawn  just  south  of  a  tributary  to  Peoria  Creek. 

The  deposit  on  the  Spotted  Fawn  claim  has  been  mined  from  an 
open-cut  120  feet  long,  4  to  5  feet  wide,  and  10  feet  deep,  and  by  a  tunnel 
20  feet  long  in  the  east  end  of  the  cut.  It  consists  of  a  lens  of  disseminated 
ehromite  2  to  4  feet  wide  and  110  feet  long  which  strikes  N.  70°  E.  and 
dips  70°  SW.  The  matrix  of  the  ore  and  the  wallrock  is  serpentinized 
dunite,  and  most  of  the  country  rock  is  saxonite.  Contacts  of  the  ore 
with  the  wallrock  are  sharp  and  unsheared  and  the  lens  of  ore  feathers 
out  abruptly  at  its  southeast  termination.  The  ore  contains  about  65 
percent  of  ehromite  which  is  evenly  distributed  in  uniform  grains  that 
average  2  or  3  millimeters  in  diameter. 

The  North  End  claim  has  been  worked  from  and  explored  by  a 
number  of  shallow  pits,  numerous  bulldozer  cuts  at  intervals  of  75  feet 
across  the  strike  of  the  ore  zone,  a  tunnel  250  feet  long,  and  a  shaft  40 
feet  deep.  A  zone  composed  largely  of  dunite,  containing  a  number  of 
chromite-bearing  lenses  trends  N.  40°  W.  through  the  claim  and  con- 
tinues southeast  into  the  Blackbird  Nos.  1  and  2  claims  (23),  owned  by 
V.  Johnson  and  Thomas  Kahl.  Chromite  is  found  in  low-  to  medium- 
grade  lenticular  bodies  of  disseminated  ore  elongate  along  the  trend 
of  the  ore-bearing  zone.  The  matrix  of  the  ore  and  the  wallrock  are 
serpentinized  dunite,  the  wallrock  being  considerably  less  altered  than 
the  matrix  of  the  ore.  Gradational,  sharp,  and  faulted  contacts  of  the 
ore  and  dunite  are  all  found.  A  fault  cuts  off  the  northwest  end  of  the 
lens  on  which  most  of  the  mining  operations  have  been  conducted.  ]\Iuch 
of  the  ore  is  layered,  and  where  not  contorted,  the  layers  lie  parallel  to 
the  contacts  of  the  ore  bodies.  Dips  are  mostly  80°  SW.  Contortions  in 
the  banding,  and  small  dikes  and  masses  of  barren  dunite  erosscutting 
the  layers  of  ore  are  common.  The  chromite  is  mostly  fine  grained  and 
most  individual  grains  are  less  than  1  millimeter  in  diameter.  The  ore 
contains  from  30  to  70  percent  of  chromite  and  averages  about  45  percent. 
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The  West  End  claim  has  been  worked  from  an  open-cut  about  20 
feet  lon^,  4  to  6  feet  deep,  and  5  feet  wide.  The  deposit  consists  of  an 
eastAvard-striking,  vertical  lens  of  banded  disseminated  ore  3  to  4  feet 
wide  that  crops  out  in  the  open-cut  over  a  length  of  about  20  feet.  Irregu- 
lar grains  of  chromite,  0.5  to  4  of  a  millimeter  in  diameter,  embedded 
in  a  matrix  of  hard,  serpen tinized  dunite  make  up  about  60  percent  of 
the  mass  of  the  ore  body.  In  general  the  banding  is  indistinct  and  the 
grade  of  the  ore  does  not  vary  greatly  anywhere  in  the  exposed  parts 
of  the  ore  body.  The  ore  grades  abruptly  into  barren  dunite,  but  the 
contacts  are  not  sheared.  Some  of  this  ore  has  been  milled  at  the  plant 
on  the  Spotted  Fawn  claim,  but  the  grade  of  the  concentrate  is  unknown. 
Perhaps  100  more  tons  of  ore  could  be  obtained  by  deeper  mining. 

A  total  of  450  long  tons  of  concentrates  and  shipping-grade  ore  has 
been  shipped  from  these  deposits.  On  the  Spotted  Fawn  claim  perhaps 
70  tons  of  milling  ore  remain  above  the  floor  level  of  the  open-cut  and 
the  tunnel,  and  an  additional  400  to  500  tons  of  ore  may  be  mined  from 
the  deposit  b.y  going  deeper.  On  the  North  End  claim  2000  tons  of 
inferred  ore  exist  in  the  northwest  ore  body  to  the  depth  of  40  feet 
penetrated  by  the  shaft.  It  is  difficult  to  estimate  reserves  on  the  rest 
of  the  property  and  the  adjoining  Blackbird  claims  because  of  the  poor 
exposures,  but  probably  well  over  1000  tons  of  ore  containing  about  20 
percent  of  CroOs  could  be  mined. 

Shafer  Lease  (19)  (Pereira  Mine).  The  Shafer  lease  is  in  the 
NWlNEi  sec.  36,  T.  1  N.,  R.  13  B.,  on  the  flat  valley  floor  a  short 
distance  north  of  Table  Mountain.  The  mine  is  on  land  owned  by  Mr. 
Rosasco.  The  workings  consist  of  a  flooded  shaft,  and  an  open-cut  about 
30  feet  long,  6  feet  deep,  and  5  or  6  feet  wide.  The  deposit  is  a  medium- 
grade  lenticular  body  of  banded  and  disseminated  ore  about  40  feet 
long  and  2  to  5  feet  wide,  in  a  lens  of  serpentinized  dunite.  Both  the 
ore  body  and  the  enclosing  mass  of  dunite  strike  about  northwest  and 
the  dip  of  the  ore  is  vertical.  The  ore  consists  of  alternating  layers  of 
almost  pure  chromite  commonly  less  than  an  inch  thick  and  thicker 
layers  of  soft  altered  serpentinized  dunite  containing  a  few  percent  of 
scattered  chromite  grains.  The  banding  is  parallel  to  the  long  dimen- 
sions of  the  ore  body,  except  where  contorted.  Individual  chromite  grains 
measure  1  to  3  millimeters  in  diameter.  Taliaferro  reports  that  a  sample 
taken  across  the  strike  of  the  ore  body  and  assayed  by  the  IT.  S.  Bureau 
of  Mines  contained  23.6  percent  of  Cr20,-!,  and  that  8.5  tons  shipped 
in  1918  contained  30.5  percent  Cr20.{.  The  property  has  been  idle  since 
1918,  but  a  few  Innidred  tons  of  milling  ore  remain. 

Graasely  Claims  (24, 25,  26,  29) .  Four  claims— the  Horseshoe  ( 29 ) , 
the  Morning  Glory  (24),  the  May  Faction  (26),  and  the  Last  Chance 
(25) — constitute  the  Grassely  group;  all  of  them  are  under  lease  to 
George  Everhart.  The  Horseshoe  claim  was  known  as  the  Pedro  lease 
during  the  first  World  War  and  the  May  Faction  as  the  Lopez  lease 
and  were  described  under  those  names  by  Taliaferro.  The  Morning  Glory 
and  the  Last  Chance  claims  are  in  part  the  same  properties  described 
by  him  under  those  names.  All  the  claim.s  are  in  the  N;^  sec.  25,  T.  1  N., 
R.  13  E.  On  the  Horseshoe  claim  an  open-pit,  which  was  excavated  during 
placer  operations,  exposed  chromite  in  the  bedi-ock.  A  short  distance 
north  of  this  open-pit  is  a  shaft  about  40  feet  deep.  The  other  claims 
liave  been  worked  from  small  trenches,  pits,  open-cuts,  and  shallow, 
caved  shafts. 
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The  ore  in  these  deposits  consists  of  bands  of  massive,  and  of  linear 
and  planar  banded,  disseminated  chromite  in  a  matrix  of  uusheared 
serpentinized  dunite.  Dips  of  the  planar  banding  in  all  of  the  deposits 
are  vertical  and,  except  at  the  May  Faction  claim  where  the  ore  bands 
strike  N.  12°  W.,  the  banding  has  a  northwest  strike.  The  lineation  in 
the  ore  on  the  May  Faction  claim  pitches  10°  SE.  Most  of  the  country 
rock  near  the  deposits  is  dunite.  Contacts  of  the  ore  with  barren  dunite 
generally  are  sharply  gradational,  and  there  is  very  little  shearing  of 
contacts'  or  ore.  The  width  of  the  ore  lenses  ranges  from  1  or  2  inches 
in  the  very  small  stringers,  to  a  maximum  of  6  feet  on  the  Horseshoe 
claim.  Ore  lenses  are  not  traceable  for  more  than  50  feet  on  any  of  the 
deposits.  Grains  of  disseminated  chromite  range  from  0.3  to  2.0  milli- 
meters in  diameter.  Because  of  the  small  size  of  the  bands  of  massive 
chromite  and  the  preponderance  of  barren  dunite,  all  the  ore  in  these 
deposits,  including  the  massive  chromite,  must  be  considered  milling  ore. 
The  total  amount  of  chromite  in  the  ore  lenses  never  exceeds  60  percent. 
About  400  long  tons  of  ore  was  mined  and  shipped  from  the  various 
claims  during  the  first  World  War,  and  42  long  tons  was  produced  from 
the  Horseshoe  claim  in  1944.  Although  exposures  of  ore  are  inadequate 
for  an  accurate  estimate  of  reserv^es  it  is  doubtful  that  the  total  ore 
reserves  on  all  the  claims  exceed  a  few  hundred  tons  of  milling  material. 

Richards  Mine  (28).  The  Richards  mine  is  at  an  altitude  of  about 
1300  feet  just  northwest  of  the  lava  cap  forming  Table  Mountain  in 
the  NW-l-SWi  sec.  30,  T.  1  N.,  R.  14  E.  The  property  was  described  in 
Taliaferro's  report  as  the  Annex  chrome  mine  and  in  California  State 
Mining  Bureau  Bulletin  76  as  the  Rough  and  Ready  mine.  During  the 
first  World  War  the  mine  is  believed  to  have  yielded  between  500  and 
1000  long  tons  of  ore,  though  only  134  tons  was  officially  reported.  In 
1942  the  property  was  leased  by  the  Richards  brothers  to  the  Bradley 
Mining  Company,  but  no  ore  has  been  shipped.  Workings  consist  of 
four  shafts  20  to  40  feet  deep,  and  two  open-cuts,  one  of  which  is  195 
feet  long,  3  to  15  feet  wide,  and  3  to  20  feet  deep.  The  depo.sit  consists 
of  a  vertically  dipping  lens  of  low-  and  medium-grade  ore  in  serpen- 
tinized dunite.  The  lens  pinches  and  swells  from  a  minimum  exposed 
width  of  3  feet  to  a  maxium  exposed  width  of  15  feet,  and  seems  to  be 
continuous  for  300  feet  along  the  strike.  The  ore  body  is  heterogeneous 
and  is  made  up  largely  of  evenly  disseminated,  banded,  and  nodular 
ore,  and  a  few  small  lenses  and  knots  of  nearly  massive  ore.  Individual 
grains  of  chromite  range  from  0.5  to  3  millimeters  in  diameter  and  are 
in  a  matrix  of  leached,  serpentinized  dunite.  Layers  of  the  banded  ore 
are  irregular  and  contorted,  but  have  a  tendency  to  lie  parallel  to  the 
trend  of  the  ore  body.  Most  of  the  ore  body  is  more  highly  fractured  and 
brecciated  than  the  dunitic  wallrock.  Contacts  of  the  ore  body  and  wall- 
rock  may  be  either  sharp  or  gradational  where  shearing  is  absent,  but 
inasmuch  as  shearing  is  prevalent  throughout  most  of  the  ore  body  the 
contacts  are  slickensided. 

Assuming  the  average  width  of  the  ore  to  be  about  8  feet  through 
a  strike  length  of  300  feet,  there  is  approximately  240  tons  of  milling 
ore  for  each  foot  of  depth  of  the  ore  body.  The  ore  is  said  to  show  no 
evidence  of  pinching  out  in  the  bottoms  of  the  40-foot  shafts.  With  no 
pinching  out,  and  with  an  average  depth  of  ore  between  the  floors  of  the 
open-cuts  and  the  bottoms  of  the  shafts  of  about  32  feet,  there  are  7,700 
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long  tons  of  ore  indicated.  The  ore  undoubtedly  extends  to  greater 
depths,  but  no  estimates  of  additional  reserves  are  possible.  Most  of  the 
ore  contains  from  20  to  25  percent  Cr203. 

Sullivan  and  Kahl  Lea^c  (27).  The  Sullivan  and  Kahl  lease  is 
about  0.4  of  a  mile  S.  55°  W.  of  the  Annex  chrome  mine  on  the  west 
slope  near  the  crest  of  the  ridge  a  short  distance  north-northwest  of  the 
old  Kougli  and  Ready  gravel  mine.  The  clirome  mine  is  about  200  feet 
above  the  general  level  of  Peoria  Flat  at  an  elevation  of  1400  feet  on 
land  owned  by  the  Richards  brotliers.  Workings  consist  of  two  small 
pits  and  an  inclined  shaft  which  is  now  caved  but  is  said  to  have  been 
about  45  feet  deep.  All  the  workings  and  the  ore  are  in  massive  serpen- 
tinized  dunite.  A  small  amount  of  medium-grade  disseminated  ore  is 
visible  in  the  pits,  and  reserves  are  probably  small.  The  total  recorded 
production  is  iDl  long  tons  of  ehromite. 

Phoenix  Mine  (30).  The  Phoenix  mine  is  in  the  SJ  sec.  24,  T.  1 
N.,  R.  13  E.,  on  land  belonging  to  Mr.  Rosasco.  During  the  first  World 
War  the  property  was  operated  by  the  Hastings  brothers.  In  1945  the 
workings  consisted  of  a  caved  shaft  and  a  number  of  small  open-cuts. 
According  to  Taliaferro,  most  of  the  mining  was  done  from  drifts  lead- 
ing off  the  shaft,  and  ore  was  stoped  to  the  surface;  this  stope  may 
account  for  the  open-cuts.  Taliaferro  states  the  ore  shipped  occurred 
as  a  high-grade  streak  in  low-grade  banded  disseminated  ore.  All  that 
remains  in  sight  is  a  small  amount  of  medium-grained  banded  dissemi- 
nated ore  in  a  vertical  lens  3  to  5  feet  wide  striking  N.  80°  E.  The  matrix 
of  the  ore  and  the  wallrock  are  serpentinized  dunite.  Contacts  of  ore 
and  wallrock  are  gradational  and  unsheared.  Taliaferro  states  that  two 
carloads  of  ore  containing  34  and  37.2  percent  Cr203,  respectively,  were 
shipped  from  the  property  in  1918.  The  reserves  are  believed  to  consist 
of  a  few  tons  of  milling  ore. 

Stanislans  River  Chrome  Mine  (35).  The  Stanislaus  River  chrome 
mine  is  about  100  feet  above  the  Stanislaus  River  in  sec.  22,  T.  1  N., 
R.  13  E.  The  claim  was  located  during  the  first  World  War  by  Wm. 
Laughlin  and  was  leased  and  operated  by  P.  Mertz,  S.  Rosenthal,  and 
H.  Kiaupat.  Ore  had  to  be  packed  by  mules  to  the  top  of  the  canyon 
before  being  loaded  on  trucks.  The  property  has  not  been  visited  by  the 
Geological  Survey,  and  the  following  description  of  the  mine  is  quoted 
from  Taliaferro. 

The  workings  consist  of  an  open  cut  00  feet  lonj;  .and  a  tunnel  40  feet 
long.  The  tunnel  at  one  time  connected  with  a  shaft  from  the  bottom  of 
the  open  cut  but  the  shaft  has  caved  and  is  now  filled  with  waste. 

The  ore  taken  out  is  said  to  have  occurred  in  one  large  and  several 
small  len.ses.  From  the  trend  of  the  open  cut  it  is  evident  that  these  lenses 
lay  parallel  to  the  schistosity  of  the  serpentine.  A  small  amount  of  ore  is 
still  in  sight  in  both  ends  of  the  cut.  In  the  northwest  end  there  is  a  small 
lens  about  4  inches  in  width.  This  is  enclosed  in  much  sheared  serpentine 
and  strikes  northwest.  Two  lenses,  one  2  inches,  the  other  8  inches  wide, 
are  exposed  in  the  southwest  end  of  the  cut.  These  are  also  enclosed  in 
much   sheared  and   slickensided  green  serpentine,  and  strike  N.   10"   W. 

Two  hundred  feet  north  there  is  a  small  cut  from  which  about  300 
pounds  of  ore  was  taken. 

A  carload  of  ore  that  was  shipped  is  said  to  have  contained  about 
45  percent  CroOa,  indicating  that  tlie  deposit  was  a  pod  of  high-grade 
ehromite,  and  Taliaferro's  report  would  seem  to  bear  this  out.  Ecolog- 
ically this  deposit  is  more  closely  related  to  the  deposits  lying  across 
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the  river  iu  the  Bean  Guleh-French  Creek  area  of  Calaveras  County 
than  to  those  of  Peoria  Flat  proper. 

Other  Deposits.  In  addition  to  the  deposits  described  above,  a 
number  of  small,  inconsequential  prospects  are  scattered  over  Peoria 
Flat.  The  Moyle  and  Seco  lease  mentioned  by  Taliaferro  was  not  exactly 
identified,  but  is  thought  to  be  the  caved  shaft  located  a  short  distance 
below  the  Sullivan  and  Kahl  lease.  About  45  long  tons  of  ore  containing 
42  percent  Cr203  was  said  to  have  been  taken  from  this  property.  The 
Wagner  mine  is  said  to  be  near  the  0  'Byiuies  Ferry  Bridge,  but  this  loca- 
tion is  doubtful,  for  no  serpentine  has  been  mapped  near  there  and  it  lies 
outside  the  trend  of  the  serpentine  belts. 

ALPHABETICAL  LISTOF  MINES  AND  PROSPECTS 

In  the  accompanying  tables  (pp.  28-29)  the  mines  and  prospects  are 
listed  alphabetically  by  counties,  and  numbered  as  on  plate  1.  The  owner- 
ship of  the  properties  is  given  as  of  the  date  of  the  last  available  report ; 
for  some  mines  the  ownership  is  that  of  1918.  The  deposits  are  divided  by 
production  into  four  classes :  A,  deposits  from  which  at  least  1000  tons 
have  been  shipped;  B,  deposits  from  which  150  to  1000  tons  of  ore  has 
been  shipped ;  C,  deposits  from  which  small  amounts  of  ore,  but  not 
more  than  150  tons,  have  been  shipped ;  and  D,  deposits  from  which  no 
ore  has  been  shipped. 
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Figure   1.     Inik-x  map  of  central  Calin.mia  showing  location  of  area 
included  in  plate  5. 
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ABSTRACT 

The  ehromite  deposits  of  Calaveras  and  Amador  Counties  have  yielded  over 
7,000  long  tons  of  ehromite,  all  but  a  few  hundred  tons  of  which  was  lump  ore. 
During  World  War  II  only  427  long  tons  was  shipped,  all  of  it  from  Calaveras  Couuty. 

The  report  outlines  the  general  geology  of  the  counties  and  of  the  ehromite 
deposits.  Individual  ehromite  mines  and  prospects  are  described,  and  a  complete 
alphabetical  list  of  them  is  included.  The  descriptions  of  mines  and  prospects  are  based 
on  published  and  unpublished  information  gathered  largely  during  the  war  years  of 
1917-18  and  1942-45. 

INTRODUCTION 

The  ehromite  deposits  of  Cahiveras  and  Amador  Counties  have 
yielded  over  7,000  long  tons  of  ehromite,  mostly  lump  ore,  which  has 
been  mined  intermitently  since  about  1890.  With  greatly  increased 
ehromite  prices  a  few  areas  in  the  counties  may  still  offer  some  induce- 
ment to  the  prospector. 

Location,  Topography,  and  Communications 

Calaveras  and  Amador  Counties  cover  an  area  of  1,622  square  miles 
along  the  west  slope  of  the  central  part  of  the  Sierra  Nevada  between 
the  Stanislaus  and  North  Fork  of  the  Stanislaus  Rivers  on  the  south, 
and  the  Cosumnes  River  on  the  north.  The  western  parts  of  the  coun- 
ties where  the  ehromite  deposits  occur  are  hilly,  but  not  particularly 
rugged,  except  where  cut  by  the  canyons  of  the  Stanislaus,  Mokelumne, 
and  Cosumnes  Rivers.  The  eastern  parts  of  the  counties  near  the  crest 
of  the  Sierra  Nevada  are  much  rougher  and  the  relief  is  greater ;  some 
of  the  peaks  rise  to  elevations  of,  nearly  9,500  feet.  Most  of  the  popula- 
tion is  concentrated  in  the  western  parts  of  the  counties,  and  all  the 
larger  towns  are  along  the  Mother  Lode.  A  network  of  paved  and  graded 
dirt  roads  serves  most  of  the  counties ;  spur  lines  of  the  Southern  Pacific 
Railroad  reach  Milton  and  Kentucky  House  in  Calaveras  County  and 
Martel  in  Amador  County.  Both  counties  are  covered  by  topographic 

maps. 

History  and  Production 

Chromite  has  been  known  to  exist  in  Calaveras  County  since  the 
fifties,  but  little  if  any  chromite  is  known  to  have  been  mined  before  1890. 

Much  of  the  ore  produced  prior  to  the  first  World  War  was  used 
locally  for  furnace  linings  in  copper  smelters.  During  the  period  1916-18 
wartime  demand  and  increased  prices  stimulated  production,  but  with 
the  end  of  the  war  mining  ceased  until  revived  on  a  small  scale  bv 
World  War  II. 

Production  figures  prior  to  1942,  when  all  ore  was  purchased  by 
tlie  Metals  Reserve  Company,  are  unreliable.  Official  federal  records 
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indicate  that  4,675  long  tons  of  ore  was  produced  through  1918,  but 
Diller  (19)  states  that  perhaps  an  additional  1,000  tons  was  mined 
before  1912.  This  production  is  not  included  in  table  1  which  lists  only 
those  data  from  which  the  county  totals  were  calculated  in  the  Minerals- 
Yearbooks.  For  a  number  of  mines  that  yielded  appreciable  amounts 
of  chromite  records  are  unavailable  and  for  others  are  incomplete.  In 
the  descriptions  of  individual  properties  production  estimates  by  others, 
chiefly  Taliafero,  are  included  for  those  properties  for  which  federal 
records  are  lacking  or  appear  to  be  incomplete.  Shipments  of  chromite 
since  1942  are  acurately  known  and  probably  represent  very  closely  the 
actual  output.  From  1939-44  about  427  long  tons  of  ore  was  shipped; 
thus  the  total  recorded  production  from  Calaveras  County  is  5,122  long 
tons,  but  actual  production  is  probably  somewhere  between  6,500  and 
7,000  long  tons. 

So  far  as  is  kno^vn  the  only  chromite  shipped  from  Amador  County 
was  mined  during  the  first  World  War.  This  fact  is  rather  surprising, 
as  chromite  had  been  known  to  occur  at  several  easily  accessible  localities 
within  the  county  for  many  years.  Diller  (19)  states  that  the  total  prod- 
uction from  the  county  to  the  end  of  1918  was  about  1,000  tons  of 
chromite,  of  which  only  718  long  tons  had  been  officially  reported  (see 
table  1).  Production  figures  are  incomplete,  and  a  total  of  300  tons  was 
probably  mined  from  a  few  mines  for  which  there  is  no  officially  recorded 
production. 

Field  Work  and  Acknowledgments 

This  report  is  based  partly  on  material  collected  intermittently 
from  1942-45  by  F.  W.  Cater,  Jr.,  D.  H.  Dow,  and  Fred  Gros  under 
the  direction  of  Francis  6.  Wells,  all  of  the  federal  Geological  Survey, 
and  partly  on  data  contained  in  unpublished  reports  made  in  1918  by 
N.  L.  Taliaferro  to  Dr.  George  D.  Louderback,  Chairman.  Committee 
on  Geology  and  Mineral  Resources.  State  Council  of  Defense,  and  in 
Bulletin  No.  76  of  the  California  State  ]\Iining  Bureau.  In  Calaveras 
County  all  properties  recently  active  and  all  having  a  past  record  of 
substantial  production  were  examined  by  geologists  of  the  Geological  Sur- 
vey, but  no  attempt  was  made  to  visit  all  the  chromite  mines  worked  prior 
to  World  War  II  as  most  of  them  are  caved  and  the  time  required  to  find 
and  examine  the  old  workings  seemed  incommensurate  with  the  infor- 
mation to  be  gained.  No  chromite  has  been  mined  in  Amador  County 
since  1918,  but  most  of  the  properties  active  in  the  first  World  War 
were  examined  by  Cater. 

The  people  of  Calaveras  and  Amador  Counties  gave  freely  of  their 
time  and  information  in  helping  members  of  the  Geological  Survey 
during  their  investigations  of  the  chromite  deposits.  Dr.  N.  L.  Talia- 
ferro of  the  University  of  California  generously  permitted  use  of  part 
of  his  geologic  map  of  the  Copperopolis  quadrangle  prior  to  its  publica- 
tion. To  his  associates  of  the  Survey  who  contributed  important  help 
n  the  preparation  of  this  report,  and  for  the  information  furnished  by 
;he  geologic  staff  of  the  U.  S.  Corps  of  Engineers,  the  writer  is  grateful. 

GEOLOGY 

General  Features 

The  oldest  rocks  in  the  two  counties  are  mica  schists,  meta-cherts, 
crystalline  limestone,  and  schistose  volcanic  rocks  belonging  to  the  Cala- 
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veras  formation.  Most  of  the  rocks  in  this  formation  are  believed  to  be 
of  Carboniferous  age,  although  rocks  of  Paleozoic  age  both  older  and 
younger  than  Carboniferous  may  also  be  present.  Unconformably  over- 
lying the  Calaveras  formation  are  Middle  and  Upper  Jurassic  rocks 
comprising  a  series  of  sandstones  and  conglomerates,  bedded  tuffs,  cherts, 
slates,  and  limestones,  and  thick  layers  of  augite  andesite  and  dacitic 
volcanic  rocks  which  have  been  described  by  Taliaferro  (43)  and  named 
the  Amador  group.  Many  of  these  rocks  were  formerly  included  in  the 
Calaveras  formation.  The  Mariposa  slate  of  Upper  Jurassic  age  overlies 
the  Amador  rocks  very  nearly  if  not  quite  conformably.  At  the  close 
of  tlie  Jurassic,  masses  of  peridotite,  gabbro,  diorite,  and  granodiorite, 
in  the  order  named,  intruded  these  older  rocks  at  about  the  same  time 
that  the  Sierra  Nevada  batholith  was  emplaced. 

The  pre-Tertiarj^  rocks  are  compressed  into  a  series  of  tight,  almost 
isoclinal  folds  overturned  to  the  west  so  that  regional  dips  are  easterly. 
Associated  with  the  folds  are  a  number  of  eastwardlj^  dipping,  high-angle 
reverse  faults.  The  trend  of  the  faults  and  the  axes  of  the  folds  are 
roughly  parallel  and  strike  north-northwesterly.  The  gold-quartz  veins 
of  the  Mother  Lode  are  in  one  of  the  reverse-fault  zones. 

A  profound  unconformity  separates  the  Tertiary  rocks  from  the  pre- 
Tertiary.  The  Tertiary  rocks  consist  of  clays  and  sandstones  belonging  to 
the  lone  formation,  later  stream  and  marine-beach  gravels,  and  andesitic 
and  rhyolitic  flows,  tuffs,  and  agglomerate.  These  rocks  have  a  gentle 
westward  tilt  but  are  otherwise  undeformed.  Large  areas  along  the  west- 
ern margins  of  the  counties  are  underlain  by  the  Tertiary  rocks,  but  far- 
ther east  only  isolated  patches,  chiefly  of  volcanic  rocks,  remain. 

Ultramafic  Rocks 

Chromite,  the  only  ore  mineral  of  chromium,  occurs  only  in  rocks 
compounded  of  different  amounts  of  olivine  and  pyroxene  or  their  alter- 
ation products,  the  commonest  of  which  is  serpentine.  All  but  the  pure 
olivine  rock,  dunite,  and  the  pure  pyroxene  rock,  pyroxenite,  are  called 
peridotite.  Most  of  the  peridotite  in  Calaveras  and  Amador  Counties  is 
the  variety  called  saxonite,  composed  of  olivine  and  the  orthorhombie 
pyroxene,  enstatite ;  but  associated  with  the  saxonite  are  minor  quantities 
of  dunite  and  pyroxenite.  All  the  ultramafic  rocks  in  these  counties  are 
altered  either  in  part  or  wholly  to  serpentine,  but  in  this  report  rocks 
whose  original  composition  is  determinable  are  referred  to  by  their  respec- 
tive names.  The  term  "slickentite"  lias  been  applied  to  highly  sheared 
serpentine  and  this  usage  is  followed  in  this  report. 

The  peridotite  was  intruded  as  sills  into  the  pre-Tertiary  sediments 
and  volcanic  rocks,  very  commonly  along  contacts  Ijetween  the  major  lith- 
ologic  divisions  of  the  Amador  grou]i  or  between  the  Adamor  group  and 
the  Mariposa  slate.  These  sills  were  probcibly  injected  while  folding  was 
still  in  progress  and  have  been  subjected  in  pnvt  to  the  same  deformation 
as  the  host  rock.  More  complete  discussions  of  ultramafic  roeks  and  their 
relations  to  chromite  deposits  and  of  the  chai-acteristics  of  chromite  and 
chromite  deposits  are  given  in  other  chapters  of  this  bulletin. 

Local  Features 

Serpentine  crops  out  in  three  belts  trending  noi-lli-northwest  across 
the  western  end  of  Calaveras  County,  but  only  the  eastern  and  western 
belts  are  continuous  northward  into  and  across  Amador  County  (see  plate 
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5 ) .  The  belts  are  not  continuous,  but  consist  of  a  series  of  sill-like  bodies 
that  crop  out  as  long,  narrow  strips,  some  of  which  are  rather  irregular. 

The  larger,  more  continuous  -western  belt  has  yielded  most  of  the 
chromite  and  is  continuous  southward  with  the  west  belt  in  Tuolumne 
County.  Turner  (94)  mapped  most  of  the  serpentine  in  this  belt  as  intru- 
sive into  so-called  amphibolite  schists.  These  rocks  are  now  believed  to  be 
part  of  the  Amador  group,  hence  all  of  the  serpentine  in  the  western  belt 
is  probably  confined  to  Jurassic  rocks.  Southward  from  a  point  east  of 
Valley  Springs  in  Calaveras  County  the  belt  splits  into  two  separate 
branches  which  diverge  southward  to  Calaveras  Kiver  where  they  become 
parallel  and  about  2  miles  apart.  The  western  branch  ends  at  Copper- 
opolis.  The  structure  suggests  a  closely  compressed  plunging  fold,  prob- 
ably a  syncline. 

Although  chromite  deposits  may  occur  anywhere  within  the  serpen- 
tine masses,  those  in  the  western  belt  in  Calaveras  County  appear  to  be 
localized  most  commonly  along  the  margins  of  the  masses,  and  more  espe- 
cially along  the  east  margin  of  the  east  branch.  If  the  east  branch  of  the 
west  belt  is  the  east  limb  of  a  sill  in  a  syncline.  as  seems  probable,  it  would 
suggest  a  tendency  for  chromite  to  accumulate  at  the  base  of  the  sill.  Most 
of  the  chromite  is  confined  to  the  larger  serpentine  masses,  and  the  depos- 
its occur  most  commonly  in  clusters.  Considerable  areas  of  serpentine  in 
the  area  east  of  Valley  Springs  and  Campo  Seco  are  concealed  beneath 
late  Tertiary  deposits  of  clay,  sand  and  gravel,  and  andesitic  lava  flows. 

The  middle  belt  of  serpentine  consists  of  a  small  mass  in  the  vicinity 
of  Carson  Hill  and  a  group  of  masses  near  San  Andreas  aligned  with  the 
eastern  serpentine  belt  of  Tuolumne  County.  Most  of  these  masses  have 
been  intruded  along  the  contacts  between  the  ]\Iariposa  slate  and  the 
Amador  group  or  along  contacts  between  various  formations  of  the  Ama- 
dor group.  None  of  these  serpentine  masses  has  yielded  any  chromite, 
although  the  area  is  relatively  free  of  brush  and  not  difficult  to  prospect. 

The  eastern  belt  of  serpentine  is  made  up  of  smaller,  more  widely 
spaced  masses  of  serpentine,  which  seem  but  vaguely  related  to  the  east 
serpentine  belt  of  Tuolumne  County.  From  a  point  4  or  5  miles  north  of 
Angels  Camp  the  belt  trends  almost  due  north  across  Calaveras  County 
into  Amador  County.  Although  the  individual  masses  are  intruded  along 
the  beds  of  the  Calaveras  formation,  the  belt  as  a  whole  apparently  does 
not  follow  the  same  horizon  in  the  formation.  Much  of  the  serpentine  in 
this  belt  is  more  highly  altered  than  the  ultramafic  rocks  in  the  western 
belt,  and  in  places  has  been  converted  either  in  part  or  wholly  into  talc. 
The  belt  also  contains  one  mass  of  pyroxenite. 

ChroTiite  Deposits 

Most  of  the  chromite  deposits  of  Calaveras  and  Amador  Counties 
occur  as  pods  or  irregular  lenses  of  so-called  massive  chromite,  or  as  lenses 
of  low-grade  ore  that  consist  of  alternating  thin  layers  and  clots  of  nearly 
pure  chromite  and  nearly  barren  dunite.  Only  a  few  small  deposits  of  dis- 
seminated ore  have  been  discovered.  ^Most  of  the  dunite  masses  enclosing 
the  ore  bodies  are  small  and  many  consist  of  little  more  than  thin  envelop- 
ing shells.  Contacts  between  ore  bodies  and  the  enclosing  serpentine  are 
generally  slieared  and  where  shearing  is  intense  the  original  rock  is  unrec- 
ognizable. In  some  localities  deposits  occur  intermittently  in  zones  several 
hundred  feet  long,  elongated  parallel  to  the  major  axis  of  the  serpentine 
mass.  In  many  deposits  small  amounts  of  secondary  chromium  minerals, 
mostlv  uvarovite  and  kammererite,  have  been  formed.  As  a  rule  these  min- 
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erals  are  more  abundant  in  Calaveras  County  than  in  Amador  County. 
Uvarovite  and  kammererite  commonly  fill  small  fractures  and  fissures  in 
the  ore  and  are  most  abundant  in  deposits  cut  by  dikes  of  diorite,  or  of 
rodingite,  a  hard,  fine-grained,  light-colored  rock  composed  of  diopside, 
grossularite,  zoisite,  and  prehnite. 

Tenor  of  Ores 

Chromite  from  Calaveras  and  Amador  Counties  varies  widely  in  com- 
position, but  most  of  it  is  low  in  chromic  oxide  and  high  in  iron.  No  com- 
plete anal.yses  have  been  made  of  any  of  the  ores  from  these  counties,  and 
assays  of  ore  bought  by  the  IMetals  Reserve  Company  are  mostly  of  mixed 
lots  from  several  different  deposits. 

Reserves 

Many  of  the  mines  are  worked  out  and  only  a  few  have  any  appreci- 
able reserves.  In  the  known  deposits  a  few  hundred  tons  of  milling  ore  are 
available,  and  perhaps  a  somewhat  smaller  amount  of  shipping-grade  ore 
could  be  mined  under  the  stimulus  of  greatly  increased  prices.  Any  siz- 
able production  in  the  future  must  depend  largely  on  new  discoveries. 
The  French  Creek  area  in  Calaveras  County  probably  offers  the  best 
opportunities  to  those  who  seek  new  deposits. 

DESCRIPTION  OF  CHROMITE  DEPOSITS 

The  chromite  deposits  of  Calaveras  and  Amador  Counties  fall  into 
two  groups ;  the  west  group  includes  those  deposits  located  in  the  western 
serpentine  belt  and  the  east  group  those  located  in  the  eastern  belt  of 
serpentine.  In  each  group  clusters  of  deposits  confined  to  a  relatively 
restricted  area  within  a  single  serpentine  mass  or  assemblage  of  adjacent 
masses  are  treated  as  units  within  the  larger  group  and  are  called  areas. 
Some  of  the  larger  serpentine  masses  may  contain  more  than  one  area. 

West  Group 

Most  of  the  chromite  produced  from  Calaveras  County  and  very 
nearlj^  all  the  ore  from  Amador  County  have  come  from  the  west  group 
of  deposits.  The  group  coiitains  several  areas  which  from  south  to  north 
are:  French  Creek,  Black  Creek,  A'alley  Springs,  and  Pardee  in  Cala- 
veras County,  and  Mountain  Springs  and  Plymouth  in  Amador  County. 

French  Creek  Area 

The  French  Creek  area  lies  about  5  miles  southeast  of  Copperopolis 
on  the  southern  end  of  the  ridge  known  as  the  Bear  Mountains. 

The  district  drains  partly  into  French  Creek  and  Bean  Gulch  and 
partly  direct  into  the  Stanislaus  River.  The  part  of  the  area  on  the  north 
slope  of  the  Stanislaus  River  canyon  is  very  steep  and  rugged,  but  back 
from  the  canyon  the  topography  is  less  rough.  The  area  has  a  total  relief 
of  about  GOO  feet.  All  the  dejiosits  in  this  area  are  in  the  north  end  of  the 
large  serpentine  mass  that  continues  soutliward  across  the  Stanislaus 
River  into  Tuolumne  County  and  makes  up  nearly  all  the  west  belt  of 
serpentine  in  Ihat  county.  The  structure  of  the  serpentine  mass  in  this 
district  and  the  adjoining  Peoria  Flat  district  south  of  the  river  in  Tuol- 
umne County  is  complex.  Much  gabbro  is  associated  with  the  serpentine 
along  the  eastern  parts  of  the  mass,  and  the  serpentine  and  gabbro  are 
intcrlavered  with  lenticular  masses  of  altered  andesite  and  tuff.  Two 
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small  irregular  masses  of  granclodiorite  cut  the  serpentine  near  the 
eastern  contact. 

A  total  of  about  2.000  tons  of  ore,  much  of  it  containing;  over  -45  per- 
cent chromic  oxide,  has  been  mined  and  shipped  from  the  various  deposits 
in  the  district.  Most  of  this  ore  was  produced  either  prior  to  or  during  the 
first  World  "War.  but  sporadically  from  19-41-14  some  of  the  deposits  were 
reopened,  a  minor  amount  of  exploration  and  mining  was  done,  and  167 
long  tons  of  ore  was  shipped.  Much  chromite  float  is  scattered  over  the 
area,  and  probably  intensive  search  would  uncover  other  deposits,  but 
almost  impenetrable  brush  hinders  prospecting. 

American  Ashestos  and  Maniifaciuring  Company  Mine  (6)*.  The 
American  A.sbestos  and  Manufacturing  Company's  mine  is  in  the  XW^ 
NE^  sec.  16,  T.  1  X.,  E.  13  E.,  at  an  elevation  of  1,050  feet,  near  the  crest 
of  a  spur  ridge  not  far  from  the  confluence  of  French  Creek  and  Rodgers 
Creek.  Ore  was  mined  from  two  shafts  about  15  feet  apart  and  25  feet 
deep.  The  deposit  consisted  of  a  number  of  small,  irregular,  northwesterly 
trending  pods  of  chromite  ore  of  highly  varied  grade  and  texture.  The 
various  pods  were  made  up  of  clots,  bands,  and  irregular  streamers  of 
disseminated  ore  of  all  grades,  massive  chromite,  and  a  small  amount  of 
nodular  ore.  The  matrix  of  disseminated  ore  and  the  enclosing  wallrock 
is  sheared,  gray,  serpentinized  dunite.  and  the  predominant  country  rock 
is  serpentinized  saxonite.  Xumerous  small  veinlets  of  opal  cut  the  serpen- 
tine and  the  ore.  Contacts  between  the  ore  and  wallrock  are  sheared  in 
most  places  but  some  of  the  ore  grades  into  barren  dunite.  The  deposit 
has  yielded  52  tons  of  ore ;  about  1  ton  remains  on  the  dump,  and  reserves 
are  probably  small. 

Liberty  Mine  (2).  The  Liberty  mine,  also  kno^^-n  as  the  McFall, 
is  on  a  northeast  slope  about  30  feet  above  the  bottom  of  Bean  Gulch  in  the 
SEiXWi  sec.  9,  T.  1  X.,  R.  13  E.  The  mine  is  about  7^-  miles  from  Copper- 
opolis — 2  miles  by  paved  highway,  and  5^  miles  by  unimproved  dirt 
road.  During  the  first  World  War  the  property  was  owned  and  operated 
by  the  California  Chrome  Company,  and  since  then  has  been  idle.  Present 
visible  workings  consist  of  a  pit  15  to  20  feet  deep,  25  feet  long,  and  from 
4  to  10  feet  wide,  and,  about  80  feet  northwest  of  the  pit,  an  inclined  shaft 
that  is  open  to  a  depth  of  about  40  feet. 

Taliaferro  states  that  an  inclined  shaft  AAas  sunk  to  a  depth  of  75 
feet  in  the  pit,  and  that  a  drift  was  driven  X.  70^  \V.  from  the  foot  of 
the  shaft. 

The  deposit  consisted  of  a  number  of  small  pods  of  massive  and 
nearly  massive  chromite  striking  northwest  and  dipping  northeast.  The 
"enclosing  serpentine  is  highly  S'heared  and  contains  considerable  amounts 
of  slip-fiber  asbestos.  Ore  from  the  dump  is  brecciated,  has  a  chocolate 
color,  and  a  dull,  earthy  luster.  Individual  grains  of  unsheared  chromite 
range  from  0.5  to  2  millimeters  in  diameter.  Small  amounts  of  di.ssemiu- 
ated  ore  are  present  on  the  dump,  but  no  ore  remains  in  the  workings  now 
accessible.  Thin  smears  of  uvarovite  occur  on  slickensided  surfaces  of 
chromite.  On  the  opposite  side  of  the  gulch,  350  feet  soutli  of  these  work- 
ings, a  small  amount  of  low-grade  ore  crops  out.  Xo  work  has  been  done 
on  this  outcrop. 

A  total  of  282  long  tons  of  chromite  containing  47  or  48  percent 
chromic  oxide  was  shipped  from  the  mine  through  1918,  but  reserves,  if 
any,  are  probably  small. 

*  Xumbers  refer  to  map,  plate  5. 
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Mayflower  Chrome  Mine  (3)  (Burnham  and  WUson  Mine).  The 
^layiiower  mine  is  about  1,800  feet  uortlnvest  of  the  Liberty  mine  a  short 
distanee  southwest  of  Bean  Guleh  near  the  center  of  the  NW^  see.  9,  T. 
1  N.,  R.  13  E.  The  mine  is  7^  miles  by  road  from  Copperopolis.  It  was 
located  and  operated  by  AV.  A.  Burnham  and  F.  A.  Wilson  during  the 
first  World  War.  In  1941  the  mine  was  reopened  by  C.  A.  Gillis  and  74 
tons  of  ore  was  shipped  ;  Hunter  did  a  small  amount  of  exploration  work 
and  bulldozed  a  trail  to  the  mine  in  1942.  but  no  ore  was  mined. 

Workings  consist  of  a  small  shaft  15  feet  deep;  an  open-cut  45  feet 
long,  3  to  4  feet  wide,  and  open  to  a  depth  of  40  feet ;  and  a  caved  tunnel 
about  100  feet  long  that  apparently  connected  with  the  bottom  of  the 
open-cut.  The  open-cut  trends  N.  30°  W.  and  is  vertical  parallel  to  the 
chromite  lenses  mined  from  it. 

The  lenses  were  1  to  4  feet  thick  and  parts  of  some  of  them  remain 
in  the  faces  at  both  ends  of  the  cut.  Most  of  the  ore  is  black,  massive, 
medium-grained  chromite  having  a  submetallic  luster,  but  small  amounts 
of  medium-grade  disseminated  ore  are  present.  Considerable  talc  and 
kammererite  occur  with  the  chromite.  The  enclosing  serpentine  is  highly 
sheared,  especially  near  the  ore  zone,  and  the  contacts  of  serpentine  and 
chromite  are  slickensided.  About  150  feet  east  of  the  ore  zone  the  serpen- 
tine is  in  contact  with  older  slates. 

The  mine  has  a  recorded  production  of  667  long  tons  of  chromite 
containing  about  48  percent  of  chromic  oxide ;  of  this  total,  74  tons  was 
mined  by  Gillis  in  1941.  Reserves  are  probably  limited  to  a  few  tons. 

Dean  Mine  (4).  The  Dean  mine  is  1.100  feet  northwest  of  the  ]\Iay- 
flower  mine  about  halfw^ay  up  the  northwest  slope  from  the  bottom  of 
Bean  Gulch  in  the  NW^NWi  sec.  9,  T.  1  N.,  R.  13  E.  The  mine  is  nearly 
8  miles  by  road  and  trail  from  Copperopolis.  During  the  first  World  War 
the  mine  was  owned  by  Mills  Mitchell  and  leased  and  operated  by  Steve 
Dean.  No  work  has  been  done  on  the  property  since  that  time.  Workings 
consist  of  three  small  open-cuts  and  a  drift  farther  down  the  hill  driven 
to  intersect  ore  below  the  cuts. 

The  deposit  consisted  of  a  few  small  pods  of  massive  chromite  in 
gray  serpentine,  less  than  200  feet  from  the  east  contact.  The  ore  is  black, 
nearly  pure,  medium-grained  chromite  containing  minor  amounts  of 
kammererite.  Numerous  small  veins  of  magnesite  and  opal  cut  the  sur- 
rounding serpentine. 

According  to  Taliaferro  the  mine  produced  about  10  tons  of  ore 
containing  about  45  percent  chromic  oxide. 

Holhrook  and  McGuire  Group  (5). — The  Holbrook  and  McGuire 
group  comprises  about  seven  claims  located  in  French  Creek  and  along* 
the  crest  of  the  ridge  between  French  Creek  and  Bean  Gulch.  The 
workings  are  all  in  the  NE  [  sec.  8  and  the  NWj  sec.  9,  T.  1  N.,  R.  13  E. 
IIol brook  and  McGuire  owned  and  operated  the  property  during  the 
first  World  War;  later  the  land  was  accpiired  by  J.  II.  Bowie,  and  in 
1942  Charles  Hunter  leased  the  mines  from  the  Bowie  Estate  and  mined 
a  small  amount  of  ore.  Allan  Dunbar  then  leased  the  property  and  did 
some  additional  Avork,  but  it  is  probable  some  of  the  ore  he  produced 
came  from  the  nearby  deposits  described  under  the  Bowie  Estate. 

Iiuismuch  as  the  various  deposits  on  the  property  have  markedly 
dissimilar  characteristics  they  are  described  separately. 

The  low-grade  deposit  is  near  the  crest  of  the  ridge  between  French 
Creek  and  Bean  Gulch  in  the  SW^NW^  sec.  9.  The  ore  was  mined  from 
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a  glory  hole  40  feet  long,  20  feet  wide,  and  20  feet  deep ;  on  each  end 
of  the  glory  hole  are  open-cuts,  one  of  which  jnst  southeast  of  the  glory 
hole  is  50  feet  long.  The  total  strike  length  of  the  workings  is  nearly 
200  feet.  The  tunnel,  which  taps  the  glor.y  hole,  is  about  125  feet  long 
and  runs  N.  35°  E.  into  the  hill. 

The  deposit  consists  of  a  zone  of  vertical  lenses  trending  N.  45°  W. 
Individual  lenses  may  be  as  much  as  20  feet  long  and  6  feet  wide,  but 
most  of  them  are  smaller.  There  is  a  slight  tendency  toward  en  echelon 
arrangement  in  which  some  of  the  lenses  overlap.  Both  the  matrix  of 
the  ore  and  the  enclosing  wallrock  are  highly  sheared,  talcose  serpen- 
tine, and  considerable  brecciation  is  apparent  in  the  ore.  Most  of  the 
ore  consists  of  small  clots,  lenses,  and  streaks  of  nearly  pure  chromite 
embedded  in  barren  serpentine  or  in  serpentine  containing  various 
amounts  of  disseminated  chromite  grains.  Chromite  makes  up  somewhat 
less  than  half  the  mass  of  the  ore  lenses,  and  ore  that  was  milled  is  said 
to  have  contained  about  20  percent  of  chromic  oxide.  Some  of  the  streaks 
of  ore  were  of  higher  grade  and  a  small  tonnage  of  ore  was  cobbed  out  by 
hand. 

In  1918  a  small  concentrating  mill  was  built  below  the  tunnel  and 
the  tailings  pile  in  the  gully  below  tlie  site  of  the  mill  indicates  that 
several  hundred  tons  of  ore  was  treated. 

About  1,000  feet  southwest  of  the  low-grade  workings,  in  the  bottom 
of  French  Creek,  is  a  shaft  from  which  Taliaferro  states  several  carloads 
of  ore  was  mined  in  the  early  nineties  for  use  by  the  Campo  Seco  smelter. 
About  15  tons  was  mined  during  the  first  World  War,  but  any  frag- 
ments of  ore  that  may  have  been  left  have  washed  away.  Ordinarily  the 
shaft  is  full  of  water. 

The  main  high-grade  workings  are  on  the  crest  of  the  ridge  about 
1,000  feet  northwest  of  the  low-grade  deposit.  Workings  consist  of  a 
steep  inclined  shaft,  and  just  below  this  shaft  a  small  open-cut  and  a 
small  shaft  15  feet  deep.  The  main  shaft  was  reopened  by  Allan  Dunbar 
in  1942  but  no  ore  was  shipped.  Taliaferro  says  this  shaft  was  95  feet 
deep  and  most  of  the  ore  produced  came  from  here.  The  ore  occurred 
as  a  series  of  pods  1  to  4  feet  thick  and  as  much  as  10  feet  long.  The 
zone  of  ore  pods  strikes  about  N.  50°  W.,  and  small  amounts  of  ore 
are  still  to  be  seen  in  the  walls  of  the  shaft  and  in  the  lower  workings. 
Most  of  the  ore  is  coarse-grained  massive  chromite,  and  there  is  a  small 
amount  of  disseminated  ore.  The  chromite  is  jet  black  and  has  a  sub- 
metallic  luster.  A  shell  of  highly  sheared  dunite  encloses  the  ore  bodies. 
Numerous  small  veinlets  of  magnesite  cut  both  the  ore  and  serpentine. 
Taliaferro  says  that  the  ore  contained  46  to  47  percent  of  chromic  oxide 
and  carefully  cleaned  ore  as  nuich  as  53  percent. 

About  1,000  feet  southwest  of  this  high-grade  deposit,  in  the  bottom 
of  a  gully  tributary  to  French  Creek,  pieces  of  nearly  massive  chromite 
are  scattered  around  a  small  caved  shaft,  and  nearly  800  feet  southwest 
of  this  shaft  a  small  amount  of  low-grade  spotted  ore  has  been  taken 
from  a  pit  8  feet  long,  6  feet  wide,  and  5  feet  deep. 

Taliaferro  says  the  total  production  of  tlie  whole  projierty  to  Jul>' 
1918  was  about  COO  tons  of  chromite  that  contained  fi'om  40  to  48  per- 
cent of  chromic  oxide.  An  unknown  amount,  ])robably  not  more  than 
200  or  300  tons,  of  concentrates  and  higii-grade  ore  was  i)roduced  after 
this  date.  Records  from  which  the  chromite  production  figures  for 
Calaveras  County  were  compiled  in  the  Minerals  Yearbooks,  however, 
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fail  to  mention  any  production  from  this  property.  Although  some  ore 
remains  in  most  of  the  workings,  tlie  reserves  are  difficult  to  estimate 
and  appear  to  be  small. 

Bowie  Estate  (1). — A  number  of  deposits  in  addition  to  the  old 
Holbrook  and  McGuire  holdings  are  scattered  about  the  Bowie  Estate 
property,  and  some  of  them  were  described  by  Taliaferro.  All  of  these 
deposits  lie  either  in  sec.  9  or  16,  T.  1  N.,  R.  13  E. 

About  600  feet  northwest  of  the  old  American  Asbestos  Company's 
shaft  in  the  NWiNEi  sec.  16,  T.  1  N.,  R.  13  E.  are  2  shafts  a  few  feet 
apart  now  open  to  a  depth  of  about  10  feet.  It  is  doubtful  that  they 
were  ever  much  deeper.  Apparently  no  work  has  been  done  in  them 
since  1918.  The  deposit  consists  of  an  irregular  lens  of  chroniite  ore 
contained  in  a  small  lens  of  sheared,  gray  dunite,  which  lies  in  slightly 
sheared,  serpentinized  saxonite.  The  ore  body  is  vertical,  trends  about 
N.  30°  W.,  and  consists  of  very  irregular  bands,  stringers,  and  clots  of 
medium-grade  disseminated  ore,  and  small,  irregular  masses  of  almost 
pure  chromite.  Only  a  small  amount  of  ore  remains  on  the  dump  and 
in  the  sides  of  the  shafts.  Taliaferro  describes  a  lens  of  ore  up  to  5  feet 
in  width  as  exposed  in  the  bottom  of  the  workings  for  a  distance  of  10 
feet,  and  this  lens  may  still  remain,  for  the  workings  were  idle  when 
Taliaferro  visited  them  in  July  1918.  About  90  long  tons  of  ore  con- 
taining 34.2  to  42  percent  chromic  oxide  are  said  to  have  been  iirodueed 
from  the  deposit. 

About  750  feet  northeast  of  these  shafts,  Taliaferro  says  that  about 
10  tons  of  ore  was  mined  in  the  southeast  quarter  of  Section  9  from  two 
small  pits  in  a  group  of  small  lenses  of  low-  to  medium-grade  ore  in 
light-colored,  leached  serpentine.  This  deposit  was  not  investigated  by 
geologists  from  the  Geological  Survey. 

A  deposit  in  the  SWi  sec.  9,  T.  1  N..  R.  13  E.,  on  the  crest  of  the 
ridge  between  French  Creek  and  Bean  Gulch  and  about  a  quarter  of 
a  mile  south  of  the  road  to  Bean  Gulch,  was  worked  from  a  10-foot 
shaft,  a  small  pit,  and  an  inclined  open-cut  45  feet  long,  from  2  to  4 
feet  wide,  and  15  feet  deep.  This  deposit  was  worked  in  1918,  and 
Hunter  mined  about  15  long  tons  of  ore  from  it  in  1942.  Although  the 
total  production  is  unknown,  the  size  of  the  workings  indicates  that 
perhaps  100  tons  of  ore  has  been  produced.  The  ore  body  is  an  irregular 
lens  trending  N.  30°  W.  and  dipping  from  25°  to  45°  NP].  The  ore 
consists  of  somewhat  brecciated  irregular  bands  and  clots  of  high-grade 
disseminated  and  massive  medium-grained  chromite.  Slickentite  con- 
taining considerable  talc  and  numerous  small  magnesite  seams  surrounds 
the  deposit.  Only  small  amounts  of  ore  remain  in  the  ends  of  the  open- 
cut  and  reserves  are  probably  negligible. 

A  few  hundred  feet  to  the  southeast,  very  near  the  highest  point  on 
the  ridge,  a  small  amount  of  highly  sheared  ore  has  been  mined  from 
two  small  pits  and  a  considerable  area  scraped  bare  by  a  bulldozer.  The 
ore  and  the  country  rock  are  similar  to  those  of  the  deposits  just  described 
except  that  a  small  amount  of  malachite  occurs  in  some  of  the  fractures. 
Reserves  are  negligible. 

About  two  carloads  of  chromite  was  mined  from  a  deposit  discovered 
in  1942,  half  way  up  the  west  slope  of  the  hill  about  1,000  feet  southwest 
of  the  two  small  pits  just  described.  The  deposit  was  worked  to  a  deptii 
of  30  feet  over  a  strike  length  of  30  I'eet.  The  ore  consists  of  brecciated 
massive  and  nearly  massive  medium-grained  chromite  containing  numer- 
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►US  seams  of  uvarovite.  Contacts  of  the  ore  and  the  enclosincf  highly 
;heared  serpentine  are  sharp  and  slickensided.  Little  ore  remains. 

Some  massive,  medium-grrained  chromite  was  mined  during  the  first 
kVorld  War  from  a  small  open-cut  and  shaft,  now  flooded,  at  the  foot 
>f  the  hill  about  1,500  feet  northwest  of  the  Bowie  house.  A  few  frag- 
nents  of  high-grade  ore  are  scattered  around  a  small  caved  shaft  just 
'ast  of  the  house. 

A  few  small  open-cuts  and  an  area  scraped  bare  by  a  bulldozer  are 
ust  north  of  the  Bean  Gulch  road  about  a  quarter  of  a  mile  southeast  of 
he  main  low-grade  workings  of  the  Holbrook  and  McGuire  mine.  Some 
•re  was  mined  from  here  during  the  first  "World  "War  and  in  1942  Hunter 
nined  15  long  tons. 

In  addition  to  the  above-described  deposits  a  number  of  other  small 
vorkings  are  said  to  be  scattered  through  the  almost  impenetrable  brush. 
;;!onsiderable  float  is  scattered  all  over  the  ridge,  and  with  intensive  pros- 
)ecting  more  deposits  undoubtedly  could  be  found.  The  total  production 
)f  the  property  is  probably  not  less  than  400  long  tons,  though  none  is 
•ecorded  in  the  Minerals  Yearbooks  before  1942.  Reserves  of  ore  in  known 
leposits,  however,  are  small. 

Peri  Mine  (7) . — According  to  California  State  ]\Iining  Bureau  Bul- 
etin  Xo.  76  (Bradley.  Walter  W.,  18) ,  the  Peri  mine  is  in  the  SE^  sec.  6, 
r.  1  X.,  R.  13  E.  Local  residents  claim  the  deposit  is  about  1  mile  north- 
vest  of  Funk  Mountain  in  the  XW^  sec.  32,  T.  2  X.,  R.  13  E.,  and  inas- 
nuch  as  there  is  no  serpentine  in  the  SE^  of  sec.  6,  sec.  32  seems  the  more 
)robable  location.  The  property  has  never  been  investigated  by  the  Geo- 
ogical  Survey.  The  mine  was  leased  from  Frank  Peri  by  Frank  Towers, 
^rank  Reddick,  and  William  Dixon  and  operated  by  them  in  1916-17.  The 
'oUowing  description  of  the  property  is  quoted  from  Bulletin  Xo.  76. 
"Lenticular  bodies  of  chrome  ore  strike  east-west  with  a  footwall  of 
serpentine  and  hanging  wall  of  schist  and  metamorphic  sandstone. 

"The  main  workings  consisted  of  an  open  cut  14'  deep  and  40'  long  in 
the  west  face  of  which  ore  was  exposed  2'  wide  and  4'  high.  About  40'  east  of 
this  cut  a  20'  shaft  had  been  sunk  with  a  windlass.  This  incline  followed  a 
lower  grade  ore  body  which  pitched  N.  80"  and  was  exposed  2'  wide  over 
the  lower  5'  of  the  east  side.  About  40  tons  of  30  percent  ore  were  on  the 
dump  and  it  was  said  that  48  tons  of  ore  had  been  shipped  in  1916.  Open 
cuts  on  top  of  the  hill  had  yielded  20  tons  of  ore  and  only  small  seams  were 
left  exposed." 

The  total  recorded  production  from  the  mine  was  71  long  tons.  Min- 
ng  ceased  in  1917. 

Black  Creek  Area 

The  chromite  deposits  of  the  Black  Creek  area  are  in  a  cluster  of 
•ather  irregular  masses  of  serpentine  that  crop  out  on  the  ridge  in  the 
irea  drained  mostly  by  Black  Creek.  The  ridges  trend  north-northwesterly 
jarallel  to  the  structure  of  the  underlying  rocks  and  have  a  relief  of  about 
L,200  feet.  The  largest  of  the  serpentine  masses  is  about  3i  miles  long  and 
ibout  three-quarters  of  a  mile  wide,  and  has  been  intruded  by  a  mass  of 
rranodiorite.  The  other  serpentine  masses  are  uncomplicated  by  later 
arge  intrusions  and  are  considerably  smaller ;  the  largest  of  them  is  only 
L^  miles  long  and  the  smallest  less  than  a  quarter  of  a  mile  long  and  only 
I  few  hundred  feet  wide.  Most  of  the  chrome  mines  are  no  longer  acces- 
sible by  road.  The  total  production  of  the  district  is  about  2,000  tons,  all 
nined  either  before  or  during  the  first  World  War,  though  some  was 
lold  later. 
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Sto7ic  Mine  (9). — The  Stone  mine  has  also  been  known  as  the  Coffer, 
Trask,  and  Stone  lease,  and  as  the  Lon<iton  mine.  In  19-45  the  property 
was  owned  by  Charles  J.  Stone,  but  durinjr  the  period  of  active  mining 
in  the  first  World  War,  C.  E.  I^ongton  owned  the  land  and  Coffer,  Trask, 
and  Stone  leased  the  mine.  The  workings  are  in  the  SE|  sec.  23,  and  the 
SW^  sec.  24,  T.  2  N.,  R.  12  E.,  along  the  sides  of  a  gulch  tributary  to 
Black  Creek.  The  deposit  was  worked  frrnn  five  shafts,  three  of  which 
were  flooded  when  visited  by  Cater  in  1945. 

Taliaferro  states  that  the  main  shaft  is  40  feet  deep  and  that  two 
drifts  were  driven  from  the  bottom  of  it  along  a  lens  of  ore  about  3  feet 
wide  and  striking  N.  25°  W.  The  country  rock  is  sheared,  talcose  serpen- 
tine and  specimens  of  ore  from  the  dump  are  of  massive,  medium-  to 
coarse-grained  chromite. 

A  somewhat  irregular  shaft  said  to  have  been  35  feet  deep  is  about 
250  feet  N.  20°  W.  of  the  main  shaft.  Scattered  pieces  of  ore  on  the  dump 
are  similar  to  those  found  at  the  main  shaft.  A  15-foot  shaft  nearby  is  in  a 
small  lens  of  banded,  disseminated  ore  about  40  feet  west  of  the  serpen- 
tine contact.  This  ore  body  strikes  N.  55°  E.  and  is  traceable  for  about 
15  feet.  The  banding  dips  vertically  and  lies  parallel  to  the  trend  of  the 
ore  zone.  Layers  of  high-grade  disseminated  chromite  a  quarter  of  an 
inch  to  1  inch  thick  alternate  with  barren  serpentine,  forming  an  ore 
containing  an  average  of  60  percent  chromite. 

Probably  very  little,  if  any,  chromite  was  mined  from  a  30-foot  shaft 
about  500  feet  S.  15°  E.  of  the  main  shaft,  for  no  ore  was  seen  on  the 
dump. 

The  fifth  shaft,  about  35  feet  deep,  lies  across  the  gulch  about  500  feet 
west  of  the  main  shaft.  Ore  from  this  shaft  is  \qyx  coarse-grained  massive 
chromite  without  visible  interstitial  gangue. 

All  the  ore  bodies  are  near  the  east  contact  of  the  serpentine. 

The  mine  has  a  recorded  production  of  92  long  tons  of  ore,  most  of 
which  came  from  the  main  shaft.  Though  some  ore  is  said  to  remain  in  the 
bottom  of  the  high-grade  wen-kings,  reserves  are  probably  small. 

Davis  Mine  (10). — Taliaferro  describes  the  Davis  mine  as  part  of  the 
Coffer,  Trask,  and  Stone  leases,  but  the  mining  is  said  to  have  been  done 
by  W.  A.  Burnham.  A  Mr.  Beecham  bought  the  property  after  the  first 
World  AVar.  The  workings  are  in  two  groups.  The  south  workings  consist 
of  three  closely  grouped  open-cuts  15  to  20  feet  long  and  uj)  to  10  feet 
wide.  They  are  just  north  of  the  Pacific  Gas  and  Electric  Company's 
power  line  about  halfway  up  the  west  slope  of  the  hill,  on  the  opposite 
slope  from  the  west  shaft  of  the  Stone  mine.  The  north  workings  are  a 
quarter  of  a  mile  nortlnvest  of  the  south  workings,  just  west  of  a  saddle 
on  the  crest  of  the  ridge.  These  workings  consist  of  an  irregular  open-cut 
aiul  some  caved,  rather  shallow  undei-gronnd  workings  loading  from  the 
open-cut.  All  the  workings  arc  in  the  SE]  sec.  23,  T.  2  X.,  K.  12  E. 

The  worki)igs  have  slumped,  and  any  ore  bodies  are  concealed.  The 
open-cuts  on  the  south  deposit  trend  about  N.  30°  W.  and  probably  indi- 
cate the  trend  of  the  ore.  All  the  workings  are  in  sheared  serpentine,  but 
a  few  blocks  of  saxonite  are  recognizable.  Fragments  of  medium-grained 
massive  chromite  are  scattered  about  the  various  dumps. 

About  225  long  tons  of  ore  is  said  to  have  been  produced  from  the 
property,  and  the  deposits  are  jn-obably  worked  out. 

Burnham  Mine  (11). — The  Burnham  mine  is  about  half  a  mile  north- 
west of  the  north  workings  on  the  Davis  mine,  in  the  NW-j  see.  23,  T.  2  N , 
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R.  12  E.,  on  land  now  owned  by  Mr.  Beecliam.  In  1915  about  65  tons  of 
chromite  was  mined  by  W.  A.  Burnham  from  a  shaft  said  to  have  been 
40  feet  deep.  This  ore  was  stockpiled  at  the  mine,  and  in  1927  the  owners 
of  the  property  sold  the  ore  for  $5  a  ton.  The  mine  was  not  visited. 

Walker  Mine  (12). — The  AValker  mine  is  also  known  as  the  Chaparral 
and  the  Brush}^  Hill  mine.  F.  G.  Walker  first  worked  the  mine  in  1917 ; 
in  1918  it  was  worked  by  C.  A.  Gillis,  and  in  1940  by  B.  W.  Cresswell.  The 
property,  which  consists  of  3  open-cuts  and  3  partly  caved  shafts,  one  60 
feet  deep  and  the  other  two  each  about  40  feet  deep,  is  near  the  center  of 
the  E^  sec.  15,  T.  2  N.,  R.  12  E.,  near  the  head  of  a  gulch  tributary  to  Black 
Creek.  Some  of  the  workings  were  cleaned  out  by  Mr.  Cresswell  but  no 
additional  shipping-grade  ore  was  found  and  no  high-grade  ore  shows  in 
any  of  the  workings. 

The  workings  are  in  highly  sheared  serpentine  very  near  the  west 
contact  of  the  serpentine  with  granodiorite.  According  to  Taliaferro,  most 
of  the  ore  was  mined  from  the  60-foot  shaft,  and  two  short  drifts  were 
driven,  one  to  the  northwest  and  one  to  the  southeast,  at  a  point  15  feet 
from  tlie  bottom.  The  maximum  thickness  of  the  massive  ore  was  about 
2  feet ;  a  small  amount  of  disseminated  ore  was  also  present.  The  second 
shaft  is  about  200  feet  S.  45°  E.  of  the  main  shaft,  and  the  third,  which 
yielded  about  30  tons  of  ore,  is  about  2,000  feet  S.  80°  E.  from  the  main 
workings. 

The  recorded  production  from  the  various  workings  is  71  long  tons 
of  chromite  which  averaged  about  40  percent  of  chromic  oxide  but  ran  as 
high  as  47  percent.  Reserves  are  probably  negligible. 

Clary  and  Lang  ford  Mine  (13). — The  Clary  and  Langford  mine,  also 
known  as  the  Porter  and  Spring,  is  in  the  NW^  sec.  10,  T.  2  N.,  R.  12  E., 
about  150  feet  east  of  Copperopolis- Angels  Camp  road  at  a  point  about 
0.6  of  a  mile  north  of  the  Milton  road  junction.  The  mine  was  first  oper- 
ated some  years  prior  to  the  first  World  War  and  100  tons  of  ore  is  said 
to  have  been  used  by  a  local  copper  smelter  as  furnace  linings.  In  1916-17 
the  mine  was  leased  by  H.  Clary  and  George  Langford  who  produced  223 
long  tons  of  chromite  containing  45  to  46  percent  of  chromic  oxide.  J.  E. 
Porter  and  J.  H.  Spring  acquired  the  property  in  1918,  and  produced  an 
additional  125  long  tons  of  ore ;  thus,  the  total  recorded  production  is  348 
long  tons. 

The  main  workings  east  of  the  road  consist  of  a  flooded  open-cut,  and 
two  flooded  shafts,  each  said  to  be  45  or  50  feet  deep.  The  ore  was  in  highly 
sheared  serpentine.  No  ore  can  be  seen  in  place  but  a  few  fragments  of 
medium-  to  coarse-grained  massive  chromite  containing  minor  quantities 
of  kammererite  are  scattered  about  the  dumps.  Taliaferro  states  that  about 
60  tons  of  ore  is  said  to  have  been  mined  from  a  lens  over  which  the  road 
passed.  The  road  was  shifted,  the  ore  mined,  and  then  the  road  was 
restored  to  its  original  position.  A  shaft  and  a  few  small  cuts  were 
reported  by  Taliaferro  in  a  small  detached  mass  of  serpentine  half  a  mile 
to  the  west.  Reserves  in  all  the  workings  are  probably  negligible. 

Hindi  Mine  (14). — The  Hinch  mine  is  in  a  small  mass  of  serpentine 
at  the  south  end  of  a  ridge  a  quarter  of  a  mile  north  of  Pooles  Station  in 
the  SW-i  sec.  3,  T.  2  N.,  R.  12  E.  In  1905  about  15  tons  of  chromite  was 
mined  for  furnace  linings  for  a  nearby  copper  smelter,  and  during  the 
first  World  War  the  mine  was  leased  hy  F.  W.  Dean  and  Fred  Wilson 
from  Mr.  Hinch.  Dean  and  Wilson  are  said  to  have  produced  about  300 
tons  of  ore  from  3  open-cuts  and  a  shaft  which  are  scattered  over  a  dis- 
tance of  150  feet  along  a  northwesterlv  trending  line. 
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The  deposit  consisted  of  a  number  of  irregular,  northwesterly  trend- 
ing pods  and  lenses  of  medium-grained,  almost  massive  chromite.  Most  of 
the  country  rock  is  sheared,  serpentinized  saxouite,  but  very  small 
amounts  of  serpentinized  dunite  are  recognizable  immediately  adjacent 
to  the  spaces  from  which  the  chromite  was  removed.  Contacts  of  the  ore 
and  serpentine  were  sheared  and  slickensided.  No  ore  remains  in  place 
and  only  scattered  fragments  are  found  on  the  dump,  some  of  which  con- 
tain small  amounts  of  kammererite.  Though  more  ore  may  be  found  b}' 
deeper  mining,  reserves  are  probably  small. 

Other  Deposits. — Some  ore  is  reported  to  exist  on  the  Bear  Mountain 
Ranch  (8)  in  a  small  serpentine  lens  in  the  SEi  sec.  24,  T.  2  N.,  R.  12  E. 
Henry  Poch  is  reported  to  have  produced  some  ore  from  three  open-cuts 
in  sec.  29,  T.  3  N.,  R.  12  E.,  on  the  Matthew  Ranch  (15). 

Valley  Springs  Area 

The  chromite  deposits  of  the  Valley  Springs  area  are  along  an  8-mile 
section  of  a  single  serpentine  mass  which  at  its  closest  approach  is  about 
2  miles  east  of  Valley  Springs.  This  mass  has  a  total  length  of  about  20 
miles  and  it  ranges  in  width  from  a  few  hundred  feet  to  li  miles.  Smooth, 
moderately  steep  ridges  having  a  relief  of  about  500  feet  dominate  the 
topography.  These  ridges  trend  north-northwest  parallel  to  the  structure 
of  the  underlying  rocks.  All  parts  of  the  area  are  readily  accessible,  at 
least  during  the  dry  season,  over  a  system  of  dirt  and  paved  roads. 

Vogelgesang  Mine  (17). — The  Vogelgesang  mine  is  on  the  floor  of 
a  valley  about  a  quarter  of  a  mile  wide  near  the  center  of  the  SW^  sec.  34, 
T.  4  N.,  R.  11  E.,  on  land  owned  by  G.  D.  Vogelgesang.  The  mine  has  been 
inactive  since  the  first  World  War,  when  D.  L.  McAfee  operated  it.  The 
mine  is  about  8  miles  by  road  from  Valley  Springs,  5  miles  of  which  is 
paved  and  3  miles  unimproved.  Workings  consist  of  several  open-cuts,  the 
largest  being  55  feet  long,  4  to  6  feet  wide,  and  30  feet  deep. 

The  deposit  consists  of  a  group  of  pods  and  lenses  of  massive  chro- 
mite traceable  for  230  feet  along  a  shear  zone  striking  N.  35°  W.  and 
dipping  75°  NE.  This  zone  lies  parallel  to  and  10  to  30  feet  east  of  the 
western  contact  of  the  serpentine,  which  in  this  area  is  not  over  1,000  feet 
wide.  A  few  scattered  pits  continue  along  the  same  strike  for  an  additional 
300  feet,  but  yQvj  little  chromite  has  been  taken  from  any  of  them.  Most 
of  the  country'  rock  is  slickentite  but  near  the  contact  with  the  older 
metamorphic  rocks  much  pyroxenite  is  found.  A  pegmatite  dike  composed 
of  large  crystals  of  plagioclase,  pyroxene,  and  muscovite  is  intruded 
along  the  same  shear  from  which  the  largest  single  lens  of  chromite  was 
ininod.  The  ore  is  massive,  medium-grained  chromite  having  a  black  color 
and  a  submetallic  luster.  The  largest  single  lens  was  about  50  feet  long, 
had  a  maximum  thickness  of  4  to  5  feet,  and  was  mined  to  a  depth  of  30 
feet. 

About  229  long  tons  of  ore  containing  43  to  46  percent  of  chromic 
oxide  was  shipped  from  this  property  and  about  15  tons  was  still  stock- 
piled at  the  mine  in  1943.  In  deposits  of  this  type  estimates  of  reserves 
are  impossible,  but  probably  more  lenses  could  be  found  with  deeper 
mining. 

Ellingwood  Mine  (19). — The  Elliiigwood  mine  is  in  the  NW^  sec.  21, 
T.  4  N.,  R.  11  E.,  about  a  mile  north  of  the  Calaveras  River  on  the  west 
slope  near  the  bottom  of  a  small  side  canyon.  Abont  three  miles  of  unim- 
proved dirt  road  and  5  miles  of  paved  liighwa\-  connect  the  mine  to  Valley 
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Springs.  The  property  was  first  worked  in  1910  by  the  Penn  Copper  Com- 
pany and  the  chromite  was  used  at  the  Campo  Seco  smelter  for  furnace 
linings.  During  the  first  World  "War  the  property  was  owned  by  William 
EUingwood  and  operated  by  D.  L.  McAfee,  but  later  the  City  of  Stockton 
acquired  the  property  as  part  of  the  area  surrounding  the  reservoir 
above  Hogan  Dam.  During  1941  the  mine  was  reopened  and  a  small 
amount  of  ore  was  shipped. 

Workings  consist  of  two  open-pits,  two  tunnels,  and  a  winze.  The 
larger  pit  is  85  feet  long,  10  to  20  feet  wide,  and  15  feet  deep.  The  winze 
and  part  of  the  tunnels  are  inaccessible. 

The  deposit  is  within  150  feet  of  the  contact  of  the  serpentine  with 
metamorphosed  old  sediments  and  schists.  Chromite  occurs  as  a  vertical 
lens  striking  N.  35°  W.  The  size  of  the  stopes  indicates  that  the  lens  was 
8  to  10  feet  thick.  Sheared  serpentine  probably  derived  from  dunite 
forms  the  wallrock  of  the  ore  body  but  the  predominant  country  rock  is 
saxonite.  Contacts  of  the  ore  and  serpentine  are  sheared  and  slickensided, 
and  some  small  blocks  of  chromite,  perhaps  sheared  from  the  main  ore 
body,  are  visible  along  and  near  the  old  stopes.  The  ore  is  massive, 
medium-grained  chromite ;  some  kammererite  is  present  between  grains 
and  along  fissures. 

Two  flooded  shafts  about  1,000  feet  south-southeast  of  the  above- 
described  mine  are  in  the  bottom  of  the  creek.  According  to  Taliaferro  a 
lens  of  ore  from  6  inches  to  2  feet  thick  was  exposed  in  one  of  these  shafts. 
Pieces  of  massive,  medium-grained  ore  are  scattered  about  the  dump.  This 
deposit  is  only  75  feet  from  the  eastern  contact  of  the  serpentine. 

The  mine  has  produced  a  total  of  about  500  long  tons  of  ore  said  to 
contain  an  average  of  38  percent  chromic  oxide,  but  no  mention  of  pro- 
duction is  contained  in  official  records.  A  few  tons  of  ore  are  in  sight,  but 
the  lower  workings  are  inaccessible,  and  the  reserves  are  unknown. 

EUingwood  and  Vogelsang  Mine  (18). — The  Ellington  and  Vogel- 
sang mine  is  about  a  mile  north  of  the  Vogelgesang  mine  and  a  little  over 
half  a  mile  south  of  the  Calaveras  River  on  an  east  slope  near  the  base  of 
a  ridge  in  the  SE^  sec.  28,  T.  4  N.,  R.  11  E.  The  property  is  owned  by 
AVilliam  EUingwood  and  during  the  first  World  War  was  operated  by 
EUingwood  and  Vogelsang.  Chromite  was  mined  from  an  open-cut  and 
a  short  drift.  The  open-cut  is  about  20  feet  long,  12  feet  wide  at  the  face, 
and  8  feet  deep  in  the  deepest  part ;  near  the  end  of  the  open-cut  a  short 
drift  doubles  back  nearly  parallel  to  the  cut.  Sloughed  debris  obscures  any 
chromite  that  may  still  be  in  place,  and  the  shape  and  attitude  of  the  ore 
body  are  unknown.  The  country  rock  is  sheared  saxonite,  but  in  the  imme- 
diate vicinity  of  the  ore  body  the  serpentine  is  so  highly  sheared  the 
original  composition  of  the  rock  is  no  longer  recognizable.  Pieces  of  ore 
on  the  dump  are  of  medium-grained  massive  chromite  having  a  submetal- 
lic  luster ;  many  of  these  pieces  are  slickensided.  The  deposit  lies  about 
250  feet  west  of  the  east  contact  of  serpentine  with  the  older  metamor- 
phosed tuffs,  lavas,  and  sediments.  The  production  from  this  mine  is 
unknown  but  is  said  to  have  been  over  200  tons.  The  reserves  appear  to 
be  small. 

Other  Deposits. — On  the  Maxwell  claim  (16)  located  in  the  SW-J 
sec,  2,  T.  3  N.,  R,  11  E.,  33  tons  of  chromite  containing  47  percent  of 
chromic  oxide  was  mined  from  a  single  pod  in  1916.  There  is  said  to  be 
some  low-grade  ore  in  the  vicinity.  From  a  quarter  to  half  a  mile  north- 
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west  of  the  Ellingwood  mine  in  the  NE^  sec.  20,  T.  4  N.,  R.  11  E.,  Si 
Granadas  (20)  is  said  to  have  opened  up  a  few  small  deposits,  but  no  ore 
has  been  shipped. 

Pardee  Area 

The  Pardee  area  lies  north  of  the  Valley  Spriiifrs  area,  in  the  same 
serpentine  mass,  and  includes  those  deposits  in  the  vicinity  of  the 
Pardee  reservoir,  between  the  Valley  Springs-San  Andreas  higlnvay 
and  a  point  1  mile  north  of  the  reservoir  in  Amador  County.  Except 
for  the  rugged  part  bordering  the  Mokelumne  River  the  area  is  one  of 
moderate  relief  and  smooth,  rolling  hills.  The  old  roads  to  the  chromite 
deposits  have  grown  up  with  brush  and  are  no  longer  passable.  Only 
one  mine  in  the  district  has  been  operated  since  the  first  World  War. 

Gillam  Mine  (21). — The  Gillam  mine  is  3  miles  northeast  of  Valley 
Springs,  just  north  of  the  crest  of  a  small,  rocky  hill  in  the  SE^SW^ 
sec.  5,  T.  4  N.,  R.  11  E.  About  5  miles  of  paved  road  and  a  quarter  of  a 
mile  of  trail  connects  the  mine  with  the  railroad  at  Valley  Springs. 
The  following  description  is  from  Taliaferro 's  unpublished  report : 

"The  (leveloimient  work  consists  of  a  long,  narrow  open  cnt  100  feet 
long  and  22  feet  deep  in  the  deepest  place.  This  runs  to  the  S.  30°  E..  into 
the  rather  gently  sloping  hillside.  Forty  feet  from  the  entrance  and  in  the 
floor  of  the  cut  is  a  shaft  22  feet  deep.  About  20  to  25  tons  of  ore  are  in 
sight  unmined. 

"The  ore  occurs  in  small  irregular  bodies  and  appears  to  be  of  ship- 
ping grade,  carrying  31  percent  to  35  percent  CrsOs.  The  ore  trends  roughly 
N.  30°  W.  Both  ore  and  serpentine  are  cut  by  numerous  slips. 

"The  serpentine  in  which  the  ore  is  enclosed  is  hard  and  dense  and 
dark  gray  to  greenish  gray  in  color.  This  is  partially,  and  in  places,  wholly 
opalized,  being  converted  into  a  dense  dark  brownish  red  opal  rock.  In 
place.s  the  structure  of  the  serpentine  is  retained.  Near  the  surface  the 
opalized  serpentine  has  been  weathered  and  altered  and  rounded  cores  of 
partially  or  wholly  opalized  serpentine  stand  out  sharply  from  areas  of 
soft  porous  yellowish  or  whitish  altered  material.  In  the  shaft  and  15  to  20 
feet  below  the  surface  the  opalized  serpentine  is  hard  and  massive  and 
has  suffered  little  of  this  type  of  weathering." 

The  property  is  owned  by  Jefferson  Gillam  and  during  the  first 
World  War  was  leased  and  operated  by  A.  C.  Kerley  and  Walton  Van 
Winkle,  but  since  1918  the  mine  has  been  idle.  About  72  long  tons  of 
ore  was  produced,  and  the  deposit  is  said  to  be  mined  out. 

Neugehauer  Mine  (23). — The  Neugebauer  mine  is  in  the  SE^  sec. 
31,  T.  5  N.,  R.  11  E.,  about  three-quarters  of  a  mile  north^f  the  Valley 
Springs-Mokelumne  Ilill  highway  just  west  of  a  fork  of  Cosgrove  Creek. 
The  boundary  fence  of  the  Pardee  watershed  protection  area  runs 
directly  over  some  of  the  workings.  Part  of  the  deposit  is  on  land  now 
owned  by  the  City  of  Oakland  and  the  rest  is  on  land  owned  by  Charles 
Neugebauer.  The  deposit  Avas  worked  from  three  small  pits,  a  r2-foot  shaft, 
and  a  number  of  small  trenches  scattered  over  an  area  about  200  feet 
long.  The  deposit  consists  of  a  number  of  small  irregular  lenses  and 
pods  dipping  eastward  about  60°  and  trending  about  N.  25°  W.,  par- 
allel to  the  contact  of  the  serpentine  and  older  metamorphic  rocks  exposed 
about  200  feet  east  of  the  workings.  The  country  rock  is  schistose  serpen- 
tinized  saxonite  containing  thin  enstatite-rich  layers  in  places.  Only 
small  amounts  of  dunite  are  recognizable  along  contacts  of  the  ore, 
and  most  of  the  rock  in  the  immediate  vicinity  of  the  ore  bodies  is  highly 
sheared  and  cut  by  numerous  veinlets  of  opal  and  chrysotile.  The  ore 
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